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BACKGROUND OF THE INVENTION 
The present invention is directed to improvements in 
methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals. The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.251. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality of 
adaptive decompression circuits and the like positioned as a 
reconf igurable pipeline processor. 

Video compression/decompression systems are generally 
well-known in the art. However, such systems have generally 
been dedicated in design and use to a single compression 
standard. They have also suffered from a number of other 
inefficiencies and inflexibility in overall system and 
subsystem design and data flow management. 

Examples of prior art systems and subsystems are 
enumerated as follows : 

One prior art system is described in United States 
Patent No. 5,216,724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
four comuute modules couoled in oarallel . Each of the 




compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
5 processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 

10 compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 

15 a first segment of a data stream. Region fill codes 
conveying pixel amplitude indications for the regions are 
grouped together according to fill code type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 

20 respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 

2 5 avoiding unpredictable seek mode latency periods 

characteristic of compact discs.- A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 

3 0 is derived from region descriptive data and applied with 

region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 



United States Patent No. 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
5 already coded at time t-l is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
10 scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels) . Both the image store in the coder as well as the 
15 image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be amplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 
20 image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
data structure. 

United States Patent No. 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
25 apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 
3 0 circuit, responsive to the codewords CW and T, parses the 
codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively. A 
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transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a -header, codewords cw and 
5 error detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data . _ Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 

10 United" States Patent No. 5,146,325 discloses a video 

decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 

15 transmission. The odd and even fields are independently 
decompressed. During intervals when valid decompressed 
odd/even field data is not available, even/odd field data is 
substituted for the. unavailable odd/even field data. 
Independently decompressing the even and odd fields of data 

20 and substituting the opposite field of data for unavailable 
data may be used to advantage to reduce image display latency 
during system start-up and channel changes. 

United States Patent No. 5,168,356 discloses a video 
signal encoding system that includes apparatus for segmenting 

2 5 encoded video data into transport blocks for signal 

transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 

3 0 transmitted data. The re-entry points are maximized by 

providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 



one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transform 
processor such as that employed in a JPEG compression system. 
. Blocks of data samples are transformed by the discrete even 
5 cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 

10 points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 

15 the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. • The blocks are overlapped 

20 followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 

2 5 being followed by forming the discrete odd cosine transform 

(DOCT) of the padded kernel matrix. 

United States Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 

3 0 organization in the logmap image is designed to match the 

sensor geometry of the human eye with a greater concentration 
of pixels at the center . The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 



line i S divided into 768 channels spaced about 3 . 9Hz apart 
Each channel consists of two carrier waves in quadrature so 
each channel can carry two pixels. Some channels 'are 
reserved - for special calibration signals enabling the 
5 receiver to detect both the phase and magnitude of the 
received signal. If the sensor and pixels are connected 
directly to a bank of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An FFT algorithm 
10 implements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
and then acquires subsequent frames every frame period. The 
frame period is relatively low compared with the sampling 
penod so the receiver is unlikely to lose frame synchrony 
15 once the first frame is detected. An experimental video 
telephone transmitted 4 frames per second, applied quadrature 
coding to 144 0 pixel l.ogma P images and obtained an effective 
data transfer rate in excess of 40,000 bits per second. 

United states Patent No. 5,185,819 discloses a video 
20 compression system having odd and even fields of video signal 
that are independently compressed in sequences of intraframe 
and interframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
25 data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted . 

30 United States Patent No. 5,212,742 discloses an 

apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 



parallel. Each of the c 

port memory, scratch Processor, dual 

scratch-pad memory a nH 
mechanism. A first bus couples the 1 t arblt «tion 
processor. Lastly th „ / * the COmpute m ° d ^« and host 

= - ich is coupled £ £ ^;u°; prises * — - ory 

-dules with a second bus ^ TlT^ *° ^ 
. Portions of the image for each of t h * aSSi9ning 

upon. ° h ° f the Pressors to operate 

United states Patent No . 5 ,31 * aA , 
10 and method for implementing 5 ' 231 ' 484 discloses a system 

- proposed Z^o r „ PEG g ZZ7T ^ ^ 

cooperating components 1 T th " e 
variously adaptively pre oro SUbSyStemS that °P-«t. to 
vi-o seguence's, ^oLf^ ^ inC ° min9 
15 and adaptively guanti ze tran Sf " * S *^*' 

regions of . picture , tranSf0rtt ^-"-ients in different 

optimal vi S ual P ua rty givVtt 0 "° " " 

that picture. * ° f bits allocated to 

United States Patent No. 5 2 67 3 n „< , 
20 removing frame redundancy in a , d "close S a method of 

of moving images t^. , " - " * 

scene change in the s "-prises detecting a first 

a first .eyframe conta UenCe °' ^ ^ ^-ating 

first image : h ; f : n t ln k g information for a 

» embodiment 9 as ^^^^^ * ' 

it is normally present in CCI TT c " lntraframe < and 

Process then comprises gen^L °™ ^ ^ ' ^ 
compressed frame", the at leasl . 1 °" e lnte «.ediate 

frame confining diffUnc "fo m \ M *™*^ compressed 
'0 for at least on! . " 6renCe lnf °rmat 10 n from the first image 
at least one image following the first i™= ■ 
the seguence of moving images. This at T eas t /" ^ 

aS a " interframe. Finally d et e "no " ^ 

change in the seqU ence of moving images and ^ ^ 
second keyframe * • . images and generating a 

eyframe contain^ complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe. The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
5 intermediate compressed frames are linked in reverse for 
reverse play. The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 

10 generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 

15 vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/ or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 

2 0 high-resolution image data from an ongoing input series of 

successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g., 30 frames per second), 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 
25 frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,646 discloses a method 
and apparatus for enabling a real-time video encoding system 

3 0 to accurately deliver the desired number of bits per frame, 

while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 
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including a plurality of blocks. The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
5 number of bits required to describe the data will vary 
significantly. 'At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 

10 the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
data bits for a plurality of sectors, for example describing 
an image. Various methods are described for updating the 
quantization step size and determining desired bit 

15 allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 
• for Digital Image Processing , Wescon Technical Papers: No. 
*2 Oct. /Nov. 1984, discloses a real-time signal processing 
system specifically designed for image processing. More 

20 particularly, a token based data-flow architecture is 
disclosed wherein the tokens are of a fixed one word width 
having a fixed width address field. The system contains a 
plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 

25 and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 

30 what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 
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performed upon the data. r f u „ rar . 

Erected to an output data bus UnreC ° gnl2ed ' ^ is 
The article, Kimori, S. et ai rn 

Circuits, vol. 23 No i T^T^' Solid-state 

logic operations specific to the „ " ° Ut 
latph „ . P ec "ic to the pipeime stages. The data 

latches are simultaneously supplied with a ■ 

interconnected ^ .7'" 

acknowledge signal l^Ts ontol" . 7*71 ^ 
transfer between the mode of data 



Purth.™ successive pip e ii ne stages 

centralized control since all t-v,« < *. 
i-ho v. ^ since all the lnterworkings between 

the submodules are determine u een 
25 decision and ■ !„ deterlnlne <* by a completely localized 

perfoTdata b -^ncnously 
perform data buffering and self-timed data-transfer control 
at the s aae time. Finally, to increase the elasticity of th 
Pipeline, empty stages are interleaved .etween the oc =upi I 
30 stag 9 !;. ^ ° rd6r " — — - ™ between^ 

technil^f PatSnt 5 ' 278 ' 646 diSCl ° Ses - -P-ved 

technigue for decoding wherein the number of coefficients to 
be included i n each sub-block is selectable and ! 
—ting the number of coefficients wi^ eacTla^t 
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» number of coefficients .lo^. ? ^ * r °» ' "^-I 

obtained by tne appropriate ..^^T*, ^ " qUar * SUb " b1 -^ 
or -cess coefficients 1™™^°'""'°*"'°"*^ 
> technique further improves deL SCaleS " This 

illicit end of b loc k sl J nal It 1119 ^ ' by an 

unnecessary to decode an el , • bl ° Cks ' ffla *^ it 

cases. 6 a " 6XPllClt end « "ode signai in nost 

United states Patent No. 4,903 018 die „ 
and data processing system fo l P disc l°ses a process 

structural^ associated £ tlp ^aT/ ^ ^ 
is particular to data sets £ \ ! S6gUenCes ■ Reprocess 
structure in order * o^t£? " 30317515 * — ° f 
a Predetermined nuznber ot ^ ^" 1 '^ C °™° n to 

sequence, m place £ * 'T ' ^ ° f a data 

-in decoded ^ ^T^'^ f ^ ^ 
obtained by analviinn . , The conunon characteristic is 

n-er in I ^ £ ^^SJT ^ ~ ^ 

data elements obtained by deLdina th T the 

data series on the basis of "he ord in 

series on the basis of I ' """^ ° f tnese d ^a 

elects. The data \ ro ^ ° f these data 

-cesses included s£^ ^ ^ 

(28) having line addresses of th ! " indeX Stora * e 

-sorted line sequence 5 " Btrlx ^ in a » 

United states Patent No. 4 334 2ds „ ■ , 
and method for decomnr . 0 . ' 34 ' 24S dlsc loses a circuit 

compression for t"Z ' ^ « ub "^«nt to its prior 

that the originaT v "d e o SS1 ° n " St ° ra9<2 - ^ — 
gxnal v.deo generated by a raster input scanner 
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.or. o„. fits which constitute d ' coa.d Jt. " 

- - " j:«r— a ^ il =cr :"rr 

produce the final actual video. t0 

signal StateS ^ 5 '° 60 ' 242 diSCl — « image 

signal processing system DPCM encodes th. , 

15 . Huffman and run length encodes the slan J r " ' 

l^nrr^K ^ ^aes tfte signal to produce variable 

length code words, which are then tightly packed without gaps 

tltl I"' tranSmiSSi ° n " ith °^ loss of any data. Z 
tightly packed apparatus has a barrel shifter with its shirt 

modulus controlled by an accumulator receiving 

> n 1 a-.—j-u _ ^ receiving code word 

^ e th a lnf0 ™ atl °"- A" OR gate is connected to the shifter 
while a register is connected to the crate lm / ' 
Processing a tightly packed and d "g^ 

and runTe^tt d " '« * 

and run length decoder, and an inverse DCP« decoder 

for UnitSd St3teS PatSnt N °- 5 ' 168 '^ discloses a method 
for processing a field of image data samples to provide f^ 
one nore Qf the functiQns Qf deciffiatiQ 

and sharpening is accomplished by use of an array LnsrTm 
processor such as that employed in a JP EG 

> Blocks of , compression system. 

cosine t . SamP a " tranSf °- ed by the discrete even 

TnlZolT (DECT) ^ b ° th thS ^^-tion and 

interpolation processes, after which the number of frequency 

frequency, terms is reduced, this being followed by inverse 
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• transformation to produce a reduced-size matrix of sample 
points representing the original block of data, in the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. m 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there i s 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United states Patent No. 5,231,486 discloses a high 
definition video system processes a bitstream including high 
and low priority variable length coded Data words. The coded 
Data is separated into packed High Priority Data and packed 
Low Priority Data by means of respective data packing units 
The coded Data is continuously applied to both packing units 
High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 
via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No. 5,287,178 discloses a video 
signal encoding system includes a signal processor for 
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segmenting encoded video data into transport blocks having a 
header section and a packed data section. The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
5 prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
inverse quantizer is used in the standard way to decode 
differential predictive coding method (DPCM) encoded data. ] 
5 United States Patent No. 5,13 6,371 to Savatier et al. is 

directed to a de-quantizer having an adjustable quantiza- 
tional level which is variable and determined by the fullness 
of the buffer. The applicants state that the novel aspect of 
their invention is the maximum available data rate that is 

10 achieved. Buffer overflow and underflow is avoided by 
adapting the quantization step size the quantizer 152 and the 
de-quantizer 156 by means of a quantizational level which is 
recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 

15 of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,142,380 to Sakagami et al . 

20 discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 

25 and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 
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United States Patent No. 5,193,002 to Guichard et al 
disclosed an apparatus for coding/decoding image signals in 
real time m conjunction with the CCITT standard H.261 A 
digital signal processor carries out direct quantization and 
reverse quantization. 

United States Patent No. 5,241,383 to Chen et al 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 32 is 
periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit. The change in 
quantization parameters for coding the next group of pictures 
is determined by a deviation measure between the actual 
number of code bits generated by the coding circuits for the 
previous group of pictures in an estimate number of code bits 
for the previous group of pictures. The number of code bits 
generated by the coding circuit is controlled by controlling 
the quantizer step sizes. In general smaller quantizer step 
sizes result in more code bits in larger quantizer step sizes 
20 result in fewer code bits. 

United States Patent No. 5,113,255 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi; S,260 782 
to Hui; and 5,212,742 to Normile et al, are included for 
background and as a general description of the art. 
25 Accordingly, those concerned with the design 

development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 
3 0 invention clearly fulfills all these needs. 
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SUMMARY OP THE INVENTION 
Briefly, an d in general t^<= 

„ ^ .„ * ^ ^'.^nrr lnventi ° n 

stages between the input and ^ P±Urallt y °* Processing 
Processing stages b eTn a " * ° UtPUt ' ^ of 
interface for conveyance J^-^ed >V - two- wir e 

con trol and/or DA r pi;."-.. and 

adaptation units for interfacing with Z th T^"* 1 

unctions afflon ; r^ ce ; :r /or coD * ined . -t rol - data 

stages i n the pip el Le are a f f Th"' ^ 

configu ration l p P ;:; e :n n ; fforded enhanced fie * ibii ^ *« 

inc 1 uL a tot:Ura r rar SSin9 * -V 

th. Pipeline are rec , """^ St ° rage ' ^ th * Sta *« - 

adaptive and may be pos ^ tlon " P1P6llne ^"iclly 

stages for per foLani of I JZlT" — ^ 

of the processing stages for p er T " P ° Sltl ° n 

In a n^n., • Performance of functions. 

Processing stages and th \T " n0n " ad 5— t 

Processing stagls Suc h tok " " con "«— 

30 some functions Ind *"* '° kw raay be '""ion dependent for 

in the plpenne ' ^ '« other functions 

The tokens, in combination with th* « . ■ 

previous processing history of th.t ~ . 

y -Lstory of that processing stage. The 
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tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage may be 
determined by such address fields. 
5 In an improved pipeline machine, in accordance with the 

invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 
10 and may also be Huffman coded. 

In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 
= 15 identified as DATA tokens and provide data to the processing 

'%j stages in the pipeline, while other tokens are identified as 

^ control tokens and only condition the processing stages in 

2 the pipeline, such conditioning including reconfiguring of 

the processing stages. Still other tokens may provide both 
20 data and conditioning to the processing stages in the 
O pipeline. Some of said tokens may identify coding standards 

;== to the processing stages in the pipeline, whereas other 

}=§= tokens may operate independent of any coding standard among 

]^ the processing stages. The tokens may be capable of 

25 successive alteration by the processing stages in the 
pipeline. 

In accordance with the invention, the interactive 
flexibility of the tokens in cooperation with the processing 
stages facilitates greater functional diversity of the 

3 0 processing stages for resident structure in the pipeline, and 
the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage in the 
pipeline. Such pipeline tokens may be either hardware based 

35 or software based. Hence, the tokens facilitate more 
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efficient uses of system bandwidth in the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline. 
5 The invention may include a pipeline processing machine 

for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 

10 employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start . code detector 
responsive to the single serial bit stream for generating 
control tokens and DATA tokens for application to the two- 
wire interface, a token decode circuit positioned in certain 

15 of the stages for recognizing certain of the tokens as 
control tokens pertinent to that stage and for passing 
unrecognized control tokens along the pipeline, and a 
reconf igurable decode and parser processing means responsive 
to a recognized control token for reconfiguring a particular 

2 0 stage to handle an identified DATA token. 

The pipeline machine may also include first and second 
registers, the first register being positioned as an input of 
the decode and parser means, with the second register 
positioned as an output of the decode and parser means. One 
25 of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the -two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 

3 0 tokens pertinent to the spatial decoder and for configuring 

the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 
3 5 second token decode means positioned in the temporal decoder 
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for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for termporally decoding the DATA tokens 
5 following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks, and address 
10 means may be provided for storing and retrieving such ' data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
address means reorders said blocks as picture data for 
display. The data blocks stored and retrieved may be greater 
O 15 and/or smaller than 8x8 pel data blocks. Circuit means may 

■~i also be provided for either displaying the output of the 

'Nl temporal decoder or writing the output back into a picture 

*'% memory location. The decoded format may be either a still 

■s| picture format or a moving picture format. 

20 The processing stage may also include, in accordance 

p with the invention, a token decoder for decoding the address 

of a token and an action identifier responsive to the token 
(1 decoder to implement configuration of the processing stage. 

O The processing stages reside in a pipeline processing machine 

25 having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 
3 0 to that stage and for passing unrecognized control tokens 
along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 
3 5 token decode circuit is connected to the two-wire interface 



4 



16d 



through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
5 processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention, one of the stages is 

10 a Start Code Detector for receiving the input and being 
adapted to generate and/ or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
searches for and detects start codes and produces tokens in 
response thereto, and is capable of detecting overlapping 

15 start codes, whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

The Start Code Detector stage is adapted to search an 
input data stream in a search mode for a selected start code. 
The detector searches for breaks in the data stream, and the 

20 search may be made of data from an external data source. The 
Start Code Detector stage may produce a START CODE token, a 
P I CTURE_ST ART token, a SLICE_START token, a PICTURE_END 
token, a SEQUENCE_START token, a SEQUENCE_END token, and/ or 
a GROUP_ START token. The Start Code Detector stage may also 

25 perform a padding function by adding bits to the last word of 
a token. 

The Start Code Detector may provide, in a machine- for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 

30 separately encoded pairs of start codes and data carried in 
the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
bits from the bit stream, the first register storing a value, 

35 the second register and a first decode means identifying a 




16e 



start code associated with the value contained in said first 
register. Circuit means shift the latter value to a 
predetermined end of the third register, and a second decode 
5 means is arranged for accepting data from the third register 
in parallel. 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 
10 associated with the start code. A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 
! =j 15 organizing the data stream. 

Cj In accordance with the invention, the Start Code 

l /4 Detector may identify start codes of varying widths 

associated with differently encoded bit streams. The 
''"-4 detector may generate a plurality of DATA Tokens from the 

2 0 input data stream. Further in accordance with the invention, 
P the system may' be a pipeline system and the Start Code 
;jj Detector may be positioned as the first processing stage in 
j=£ the pipeline. 

;= The present invention also provides, in a digital 

25 picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG, MPEG, 
and/or H.261, or any other standards and any combination of 

3 0 such picture standards, without departing in any way from the 

spirit and scope of the invention. In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
3 5 stored programs for each of a plurality of different picture 
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compression/decompression standards, such programs being 
selectable by an interfacing adaptation unit in the form of 
a token, so that processing for a plurality of picture 
5 standards is facilitated. A multi-standard system in 
accordance with the invention, may utilize tokens for its 
operation regardless of the selected picture standard, and 
the tokens may be utilized as a generic communication 
protocol in the system for all of the various picture 
10 standards. The system may be further characterized by a 
multi-standard token for mapping differently encoded data 
streams arranged on a single serial stream of data onto a 
single decoder using a mixture of standard dependent and 
standard independent hardware and control tokens. The system 
15 may also include an address generation means for arranging 
y macroblocks of data associated with different picture 

Q standards into a common addressing scheme. 

The present invention also provides, in a system having 
^= a plurality of processing stages, a universal adaptation unit 

2 0 in the form of an interactive interfacing token for control 

and/or data functions among the processing stages, the token 
p being a PICTURE_START code token for indicating that the 

;j{ start of a picture will follow in the subsequent DATA token. 

1=^ The token may also be a PI CTURE_END token for indicating 

p 25 the end of an individual picture. 

The token may also be a FLUSH token for clearing buffers 
and resetting the system as it proceeds down the system from 
the input to the output. In accordance with the invention, 
the FLUSH token, may variably reset the stages as the token 
30 proceeds down the pipeline. 

The' token may also be a CODING_STANDARD token for - 
conditioning the system for processing in a selected one of 
a plurality of picture compression/decompression standards. 

The CODING_STANDARD token may designate the picture 

3 5 standard as JPEG, and/or any other appropriate picture 
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standard. At least some of the processing stages reconfigure 
in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
5 Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
CODING_STANDARD control token. A reset address may also be 
10 selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser . 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 

15 instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not. 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

20 The present invention also provides a system for 

decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of varying data size can be 

25 controlled. 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

3 0 As previously indicated, the system may further include 

a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards. 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created . 

5 The system may also include a decoding stage and a 

parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating whether the 
arriving data is inverted or not. The tables may be arranged 
10 within a memory for enabling multiple use of the tables where 
appropriate. 

The present invention also provides a pipeline system 
having an input data stream, and a processing stage for 
receiving the input data stream, the stage including means 

15 for recognizing specified bit stream patterns, whereby said 
stage facilitates random access and error recovery. In 
accordance with the invention, the processing stage may be a 
start code detector and the bit stream patterns may include 
start codes. Hence, the invention provides a search-mode 

20 means for searching differently encoded data streams arranged 
as a single serial stream of data for allowing random access 
and enhanced error recovery. 

The present invention also provides a pipeline machine 
having means for performing a stop-after-picture operation 

25 for achieving a clear end to picture data decoding, for 
indicating the end of a picture, and for clearing the 
pipeline, wherein such means generates a combination of a 
PICTURE_END tokeji and a FLUSH token. 

The present invention also provides, in a pipeline 

30 machine, a fixed size, fixed width buffer and means for 
padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector. 

Padding may be performed only on the last word of a 
35 token and padding insures uniformity of word size. In 
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accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
5 decoder sufficent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
10 means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token. 

The inverse modeller means blocks tokens which lack the 
15 specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 
20 and decoding the run length codes. A padder circuit in 
communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
25 length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordance with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 
3 0 first type tokens having a first predetermined width, and at 
least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 
Format B - ERRRRRRLLLLLLLLLLL 
Format C - E 0 0 0 0 0 0 LLLLLLIXLLL 
3 5 where E=extention bit; F=specifics format; R=run bit; 
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L=length bit or non-data token; x= M don't care" bit, splitting 
format A tokens into a format Oa token having a form of 
ELLLLLLLLLLL , splitting format B tokens into a format 1 token 
5 having the form of FRRRRRRO 00 00 and a format 0a data token, 
splitting format C tokens into a format 0 token having the 
form of FLX.LLLLLLLLL , and packing format 0, format 0a and 
format 1 tokens into a buffer, having a second predetermined 
width. 

10 The invention also provides an apparatus for providing 

a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
wherein words of data containing compressed pictures are 
counted by a counter circuit and a microprocessor, in 

15 communication with the counter circuit and adapted to receive 
start-up information consistent with the standard of video 
decompression, communicates the start-up information to the 
counter circuit. 

An inverse modeller circuit, for accepting the words of 

20 data and capable of delaying the words of data, is in 
communication with a control circuit intermediate the counter 
circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 

25 signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. » 

The present invention also provides in a pipeline system 

30 having an inverse modeller stage and an inverse discrete 
cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 
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In accordance with the invention, the token may be a 
QUANT_TABLE token for causing the processing stage to 
generate a quantization table. 



for decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 

10 and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, means for converting the data words to JPEG Huffman 
coded data words, if necessary, in response to reading the 

15 identifier that identifies the Huffman coded data words as 
H.261 or MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with . each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 

20 means, and means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output that 

25 is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman -coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 

3 0 identifies the Huffman code standard under which the data 
words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary, in response to reading the 

3 5 identifier that identifies the Huffman coded data words as 
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The present invention also provides a Huffman decoder 
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H.261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
5 having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
number, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
10 invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals- 
Figures. 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

Figures. 3a(i), 3a(2), 3b(i) and 3b('2) illustrate the control 
of data transfer between stages of a preferred embodiment of 
a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 
transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 
used in the pipeline stage as shown in Figure. 4; 
Figure. 6 is a block diagram of one example of 'a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 
stage activation data words; 

Figures. 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 
timing diagram that shows the two-phase clock, the two-wire 
transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment' shown in 
Figures. 8a and 8b. 

Figure 10 is a block diagram of a reconf igurable processing 
stage ; 
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Figure 11 is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter; 
5 Figures 14a-c show- various arrangements of memory blocks used 
in the present invention: 

Figure 14a is a memory map showing a first 

arrangement of macroblocks; 

Figure 14b is a memory map showing a second 
10 arrangement of macroblocks; 

Figure 14c is a memory map showing a further 

arrangement of macroblocks; 
Figure 15 shows a Venn diagram of possible table selection 
values ; 

™ 15 Figure 16 shows the variable length of picture data used in 

\i the present invention; 

^ Figure 17 is a block diagram of the temporal decoder 

including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 
20 filtering process; 

Figure 19 shows a generalized representation of the 
macroblock structure; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector; 

25 Figure 21 illustrates examples of start codes in a data 
stream ; 

Figure 22 is a block diagram depicting the relationship 
between the flag generator, decode index, header 
generator, extra word generator and output latches; 
3 0 Figure 23 is a block diagram of the Spatial Decoder DRAM 
interface ; 

Figure 24 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 
35 Figure 26 is a pictorial diagram illustrating prediction data 
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offset by (1,1); 

'Figure 27 is a block diagram illustrating the Huffman decoder 

and parser state machine of the Spatial Decoder. 

Figure 28 is a block diagram illustrating the prediction 

filter. 
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Figure 2 9 

Figure 3 0 
5 Figure 31 

Figure 32 

Figure 3 3 

Figure 3 4 

Figure 35 
10 8 bits; 

Figure 3 6 

Figure 3 7 

Figure 38 

interfaces ; 
15 Figure 39 

Figure 40 

Figure 41 

Figure 4 2 

Figure 4 3 
20 Figure 44 

transfers ; 

Figure 4 5 

Figure 4 6 

Figure 4 7 

2 5 Figure 4 8 

deep DRAMS 
-Figure 4 9 
signal ; 
Figure 50 

3 0 strobe signals; 

Figure 51 

a strobe ; 

Figure 52 

a strobe ; 
35 Figure 53 

Figure 54 

Figure 55 

the memory map; 

Figure 56 
40 Figure 57 

Figure 58 

Figure 59 

circuit; 

Figure 60 
45 Figure 61 

Figure 62 

to Tokens; 

Figure 63 

Tokens ; 
50 Figure 64 

aligned) ; 

Figure 65 



FIGURES 

shows a typical decoder system; 
shows a JPEG stiil picture decoder; 
shows a JPEG video decoder; 
shows a multi-standard video decoder; 
shows the start and the end of a token; 
shows a token address and data fields; 
shows a token on an interface wider than 

shows a macroblock structure; 
shows a two-wire interface protocol; 
shows the location of external two-wire 

shows clock propagation; 
shows two-wire interface timing; 
shows examples of access structure; 
shows a read transfer cycle; 
shows an access start timing; 
shows an example access with two write 

shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 32 bit data bus and a 256 kbit 
(9 bit row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MPI read timing; 
shows an MPI write timing; 
shows organization of large integers in 

shows a typical decoder clock regime; 
shows input clock requirements; 
shows the Spatial Decoder; 
shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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quantization ; 






Figure 78 


shows 




quantization ; 






Figure 79 


shows 




quantization; 






Figure 8 0 


shows 




Figure 81 


shows 




sequential structure; 




Figure 8 2 


shows 




Figure 8 3 


shows 




Figure 84 


shows 




Figure 85 


shows 




Figure 8 6 


shows 




output ; 






Figure 87 


shows 




and output; 






Figure 88 


shows 




output ; 






Figure 89 


shows 




Figure 90 


shows 
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Figure 91 


shows 




Figure 9 2 


shows 




Figure 93 


shows 




Figure 94 


shows 




blocks ; 






Figure 95 


shows 




Figure 9 6 


shows 




macroblocks ; 






Figure 97 


shows 




Figure 98 


shows 
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Figure 99 


shows 




blocks ; 






Figure 100 


shows 




Figure 101 


shows 
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jumping between two video 

a sequence of extra Token 

decoder start-up control; 

enabled streams queued before the 

a spatial decoder buffer; 
a buffer pointer; 
a video demux; 

a construction of a picture; 

a construction of a 4:2:2 

a calculating macroblock dimension 

spatial decoding; 
an overview of H.261 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 

a temporal decoder; 

a picture buffer specification; 

an MPEG picture sequence (m=3 ) ; 

how "I" pictures are stored and 

how "P" pictures are formed, stored 

how "B" pictures are formed and 

P picture formation; 

H.261 prediction formation; 

an H.2 61 "sequence"; 

a hierarchy of H.2 61 syntax; 

an H.2 61 picture layer; 

an H.261 arrangement of groups of 

an H.261 "slice" layer; 

an H.2 61 arrangement of 

an H.2 61 sequence of blocks; 

an H.2 61 macroblock layer; 

an H.261 arrangement of pels in 

a hierarchy of MPEG syntax; 
an MPEG sequence layer; 
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Figure 


102 


Figure 


103 


Figure 
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Figure 


105 


Figure 
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Figure 
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Figure 
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Figure 


109 


Figure 


110 


Figure 


111 


Figure 


112 


Figure 
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from a 


chip address; 


Figure 


114 


signal; 




Figure 
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shows an MPEG group of pictures layer- 

shows an MPEG picture layer- iayer ' 

shows an MPEG "slice" layer 1 

shows an MPEG sequence of blocks- 

shows an MPEG. macroblock layer: ' 

shows an "open GOP"; 

shows examples of access structure- 

shows access start timing; ' 

shows a fast page read cycle; 

shows a fast page write cycle; 

shows a refresh cycle; 

shows extracting row and column address 



shows timing parameters for any strobe 
shows timing parameters between any two 
shows timing parameters between a bus and 
shows timing parameters between a bus and 



shows a Huffman decoder and parser- 
shows an H.261 and an MPEG AC Coefficient 



strobe signals. 
Figure 116 
a strobe; 
Figure 117 
a strobe; 
Figure 118 
Figure 119 

Decoding Flow Chart; 
Dcrioefficient decoding"; ' bl ° Ck dia ^ for JPEG (AC and 

co^"c"nt decoding?**" 3 ' ltW diagram f ° r JPEG (AC and DC) 

Figure 122 

Formatter; 

Figure 123 
Figure 124 
Decoding; 
Figure 125 
Figure 126 
ALU; 

Figure 127 
Figure 128 
Figure 129 
Figure 130 
Figure 131 
Figure 132 
Figure 133 
Figure 134 
Figure 13 5 
Figure 13 6 
Figure 13 7 
Figure 13 8 
Figure 13 9 

Figure 140 is a K , , 

microprocessor test access- diagram showing; 

Figure 14 1 snows [, D Transforin Micro-Architecture; 



shows an interface to the Huffman Token 

shows a token formatter block diagram - 
shows an H.261 and an MPEG AC Coefficient 

showf thf K nterf aCe t0 the Huffman ALU; 
shows the basic structure of the Huffman 

shows the buffer manager* 

IhnZl 3n im ° del and hsppk ' block diagram; 
shows an imex state diagram; 9 ' 

illustrates the buffer start-up* 

shows a DRAM interface; 

shows a write swing buffer; 

shows an arithmetic block • ' 

shows an iq block diagram ; 

shows an igca state machine; 

shows an IDCT 1-D Transform Algorithm- 

shows an IDCT l-D Transform Architecture ■ 

shows a token stream block diagram ' 

shows a standard block structure* 
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Figure 142 

Figure 14 3 

interface stage, 

Figure 144 

diagram; 

Figure 14 5 

Figure 14 6 
Figure 147 
Figure 148 
Figure 149 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



shows the 



address generator 



block 



:si HSf~ ass; 

show! thf P re< ?iction filter; 

snows the i-d prediction filter- 
shows a block of pixels- riiter ' 

shows the read cycle; ' 
shows the write cycle; 

Fx'Sre m i56 th tlB,in9 ref'e'rencel; t0p - level registers block 
Presentation numbers;* 0 " 8 Contr °l for incrementing 

FSiHS'" SHOWS bUff6r mSLnager State machi ne 

Figure Sowl k^ 6 Kachine m ain loop; 

by 18 macroblocks) pK°ure- U " er 0 cont *ining an sif (22 
Figure 160 , ' v 

window; shows th « SIF component 0 with a displ av 

Figure 161 , * 

storage block addresS; *" eXaBple P^ture format showing 
Figure 162 il 

18 macroblocks) picture"* * bUff6r ° con taining a SIF (22 by 
Figure 163 w ' 

Figure 164 f£° WS an e * a *Ple address calculation, 

machine; Sh ° Ws a ^ite addroce atlon ' 

Figure 165 
Figure 166 
datapath; 
Figure 167 
Figure 168 
and 

Figure 169 
converter. 



shows a w^itT add™ SS cal «ilation; 

write address generation state 

shows a slice of the datapath- 
shows a two ,-,,_! „ UDl - a P a «i, 

two cycle operation of the 

shows mode l filtering; 
shows a horizontal up-sampler datapath; 

shows the structure of the color-space 
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In the ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 
5 GLOSSARY 

BLOCK: An 8-row by 8-column matrix of pels, or 64 DCT 
coefficients (source, quantized or dequantized) . 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
10 to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Cr and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form. 

15 CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded. This order is not necessarily the same as the 
display order. 

2 0 COMPONENT: A matrix, block or single pel from one of the 

three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 
25 DECODER: An embodiment of a decoding process. 

DECODING (PROCESS) : The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 

3 0 displayed. Typically, this is the same order in which they 

were presented at the input of the encoder. 

ENCODING (PROCESS) : A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
35 this specification. 
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INTRA CODING: Coding of a macroblock or picture th»i- 
information only from tnat macroblock or P ^ ^ ««• 

LUMINANCE (COMPONENT) I A matrix h , B ! 
MACROBLOCK: The four a hv a ki_ n ^ , 

tlM „ 8 by 8 bloc *s of luminance data and the 

two (for 4:2:0 chroma format) four ttor a , u 
10 or eiaht i*^ * . ( 2:2 chr °™a format) 

Mocks of 1 ChrOIDa f0raat) —Ponding 8 by 6 

blocks of chrominance data coming from a 16 by i 6 section of 
the finance component of the picture. "ZZTol ls 

coL?^ US6d t0 " f " ^ PSl data -metimes to the 
coded representation of the pel values and other daL 

nr « t part ° f thls specification. To one of 

ordinary skill in the art +-k« . 

context. ' USage " Clear fr °» the 

MOTION COMPENSATION: The use of motion vectors to improve the 
efficiency of the prediction of pel values. The prediction 

values that "^"^ P-viously decoded pel 

values that are used to form the prediction error signal 

MOTION VECTOR: A fu„ signal. 

*' A tw o-din>ensional vector used for motion 

;:ir:r r t r provides an offset <*• 
e^*^"^ picture to the ™~ - • 

NON— INTRA COOING: Coding of a macroblock or picture that uses 
information both from itself and 

Dicturee „ . itself and from macroblocks and 

pictures occurring at other times. 
PEL: Picture element. 

PICTURE: source, coded or reconstructed image data, a source 
or reconstructed picture consists of three recti , 
prices of a bit numbers representing thetmLnlt" a" ^ 
chrominance sionals v~ „ 

signals. For progressive video, a picture is 
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identical to a frame, while for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context, 
5 PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded. 
RE CONFIGURABLE PROCESS STAGE (RP6) : A stage, which in 
response to a recognized token, reconfigures itself to 
perform various operations. 
10 SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/or 
data functions. 

START CODES [SYSTEM AND VIDEO]: 32-bit codes embedded in a 
15 coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 
coding syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure for 
coding that assigns shorter code-words to frequent events and 
2 0 longer code-words to less frequent events. 

VIDEO SEQUENCE: A series of one or more pictures. 
Detailed Descriptions 
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DESCRIPTION OF THE PREFERRED EMBODIMENT (6 ) 

As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
5 embodiments of the invention, Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline. (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig- i . ) . 
10 Referring now to the drawings, wherein like reference 

numerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
practice of the present invention. Each row of boxes 
15 illustrates a cycle and each of the different stages are 
!i labelled A-F, respectively. Each shaded box indicates that 

S 1 the corresponding stage holds valid data, i.e., data that is 

Jl to be processed in one of the pipeline stages. After 

: p processing (which may involve nothing more than a simple 

75 2 0 transfer without manipulation of the data) valid data is 

transferred out of the pipeline as valid output data. 
5= Note that an actual pipeline application may include more 

j=J or fewer than six pipeline stages. As will be appreciated, 

M= the present invention may be used with any number of pipeline 

\2 25 stages. Furthermore, data may be processed in more than one 

stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 

3 0 "VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 

3 5 the nearest neighboring device. This device may be another 
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Pipeline stage or some other svsr- 

Pipeline stage may pass its * F ° r «™»Pl«. the last 

. c-cu.tr>, The ACC P EPT .7" ^'^ °? 1° — q uent processing 

— - the two l.nes ^ ^ " 

» the ot her direction upstream to a 9 Sta96S ' Passes 

A data p ipeline system P o ; r : h a ; <° 3 P-«din g device. 

the present invention hasi ^ in the P~"tice of 

»«• of the following character"'"!^" emb ° dimentS ' «• or 
The pipeline is "ela^M^i 

p— iar Pipeline sta i LT that a delay at a 

-"iMe to other pipellne ™>™ di. turb . nc . 

stages are allowed to conti Succeeding pi peIine 

- that g a ; s c : : u :;™ 9 —ore, 

Allowing the delayed stage \ ^ ° f data 

Pipeline stages may also continue ^r" 1 ^' PreCedin ° 
any g aps in the data s P ° SSlMe - In " ls 

- — d fro™ the stream of da J ay ' """^ POSS ^ e ' 

;ri;ti arbitrate the — •« 

-goring pipeline / ^ P«Wt. to the nearest 

"owing in the same direction ° f Si * nals 

th. immediately succeeding «" " ^ «i. i. 

"owing in the o PP osite d!rect!on t l"* °' 

- t„. immediately p,.^ J^. 6 ™' 

^:jz:::rj:r::? P is encoded — «■« ^ 

TMs encoding accommodated ^ Pipe1 ^- 
«- the size of the pac , ° f — ^e 

- ^e overhead associated ^h"^ ^ ^ *" adVan "' 
iB as smau as .possi bie " d " e »"nc the type of 

tXPeS ° nt ° " e s-ceeding stage ev^ 
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though it does not recognize then. This enables 

communication between non-adjacent pipeline stages 

Although not shown in Fig . 1( there are data iines 
either single lines or several parallel lines, which form a 
data bus that also lead into and out of each pipeline stage 
As xs explained and illustrated in greater detail below data 
is transferred into, out of, and between the stages of th- 
pipeline over the data lines. 

Note that the first pipeline stage may receive data and 
control signals from any form of preceding device. r D . 
example, reception circuitry of a digital image transmission 
system, another pipeline, or the Uk .. 0 n the other hand it 
«y generate itself, all or part of the data to be processed 
in the pxpelxne. indeed, as is explained below, a "stage- 
may contain arbitrary processing, circuitry, including none at 
all (for simple passing of data, or entire systems (for 
example. another P ipeii ne or even lm 

Pipelines), and it may generate, change, and delete data as 
□6sirsd . 

When a pipeline stage contains valid data that is to be 
transferred down the pipeline, the VALID, signal, which 
indicates data validity need nor k * * 

. „. la "y- need not be transferred further than 

.0 the immediately subsequent pipeline stage. A two-wire 
interface is, therefore, included between every pair of 

Pipeline stages in the system. This includes a two-wir. 
interface between a preceding device and the first stage. and 

between a subsequent device and the last stage, if such other 

devices are included and data is to be transferred between 

then and the pipeline. 

_ • £*ch of the signals/ ACCEPT and VALID, has a HIGH and a 

ValUe - Tnese valu *s are abbreviated as "H" and "L" 
respectively. The most common applications of the pipeline 
in practicing the invention, will typically be digital. :, 
such digital implementations, the HIGH value may 
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example, be a logical "1" and the LOW va i ue may be a logical 
"O". The system is not restricted to digital 

implementations, however, and in analog implementations, the 
HIGH value may be a voltage or other simi i ar quantity above 
(or below, a set threshold, with the LOW va iue being 
indicated by the corresponding signal being below (or above) 
the same or some other threshold. For digital applications 
the present invention may be implemented using any known 
technology, such as CMOS, bipolar etc. 

It is not necessary to use a distinct storage device and 
wires to provide for storage of VALID signals. This is true 
even in a digital embodiment. All that is required is that 
the indication of "validity" of the data be stored along with 
the data. By way of example only, in digital television 
pictures that are represented by digital values, as specified 
in the international standard CCIR 601, certain .o.ci-ic 
values are not allowed. m this system, eight-bit ' binary 
numbers are used to represent samples of the picture and the 
values zero and 255 may not be used. 

If such a picture were to be processed in a pipeline buUt 
in the practice of the present invention, then one of these 
values (zero, for example, could be used to indicate that the 
data in a specific stage in the pipeline is not valid 
Accordingly, any non-zero data would be deemed to be valid 
2, In this example, there is no specific latch that can be 
identified and said to be storing the "validness" of the 
associated data. Nonetheless, the validity of the data is 
stored along with the data. 

As shown in Fig. i, the state of the VALID signal into 
2 0 each stage is indicated as an "H" or an "L" on an upper, 
right-pointed arrow. Therefore, the VALID signal from Staae 
A into Stage B is LOW, and the VALID signal from Stage's ir.-.z 
Stage E is HIGH. The state of the ACCEPT signal into • 
stage is indicated as an "H" or an "L" on a lower, :»:-- 
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pointing arrow. Hence, the ACCEPT signal from Stage E into 
Stage D is HIGH, whereas the ACCEPT signal from the device 
connected downstream of the pipeline into Stage F is low 

Data is transferred from one stage to another during a 
cycle (explained below, whenever the ACCEPT signal of the 
downstream stage into its upstream neighbor is HIGH . If the 
ACCEPT signal is LOW between two stages, then data is not 
transferred between these stages. 

Referring again to Fig. x , if a box is snaded< ^ 
corresponding pi pe i ine scage is assumed< by way of 

to contain valid output data. Likewise, the VALID signal 
which is passed from that stage to the following stage is 
HIGH. Fig. i illustrates the pipeline when stages B , D, and 
, C ° n " ln Valld data - Sta ^ C. and F do not contain 

-lid data. At the beginning, the VALID signal into pipeline 
stage A is HIGH, meaning that the data on the transmission 
iine inro the pipeline is valid. 

Also at this time, the ACCEPT signal into pipeline stage 
xs LOW, so that no data, whether valid or not is 
transferred out of stage F . Note that both valid and invalid 
data is transferred between pipeline stages. invalid data 
which is data not worth saving, may be written over, thereby 
eliminating it from the .pipeline . However, valid data Bu « 
not be written over since it is data that must be saved for 
processing or use in a downstream device e.g., . pipellne 
stage, a device or a system connected to the pipeline that 
receives data from the pipeline. 

In the pipeline illustrated in Fig. i, stage E contains 
valid data 01 , stage D contains valid data D2 , stage 3 
contains valid data 03, and a device (not shown) connected tc 
tM pipSllne «P«tream contains data D4 that is to be 
transferred into and processed in the pipeline. Stages 3, D 
and £, in addition ZQ th# upstrM|9 device> contain va , id da _ a 
and, therefore, the VALID signal from these stages or devices 
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into their respective following devices is HIGH . The VALID 
signal from the Stages A, C and F is, however, LOW since 
these stages do not contain valid data. 

Assume now that the device connected downstream from the 
5 pipeline is not ready to accept data from the pipeline The 
device signals this by setting the corresponding ACCEPT 
signal LOW into Stage F . stage F itself , however, does not 
contain valid data and is, therefore, able to accept data 
from the preceding Stage E. Hence, the ACCEPT signal from 
10 Stage F into Stage E is set HIGH. 

Similarly, Stage E contains valid data and Stage F 
ready to accept this data. Hence, Stage E can accept 
data as long as the valid data Dl is first transferred _ 
Stage F. m other words, although Stage F cannot transfer 
1= data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle i 
data can, therefore, be "shifted" one step to the right.' 
*his condition is shown in Cycle 2. 

In the illustrated example, the downstream device is still 
not ready to accept new data in Cycle 2 and, therefore, the 
ACCEPT signal into Stage F is still LOW . Stage r cannoc< 
therefore, accept new data since doing so would cause va Ud 
data Dl to be overwritten and lost. The ACCEPT signal from 
Stage F into Stage E , therefore, goes LOW, as does the ACCEPT 
2-- signal from Stage E into Stage D since Stage E also contains 
valid data D2 . All of the Stages A-D, however, are able 
accept new data (either because they do not contain valid 
data or because they are able to shift their valid data 
downstream and accept new data) and they signal this 
Condltion to ^eir immediately preceding neighbors by setting 
tneir corresponding ACCEPT signals HIGH. 

The state of the pipelines after Cycle 2 is illustrated i- 
Fig. 1 for the row labelled Cycle 3. By way of example, it 
:s assumed that the downstream device is still not readv 



accept new data from stage F (the ACCEPT signal into Stage F 
is LOW,. Stages E and F> therefore, are still "blocked" but 
m Cycle 3, Stage D has received the valid data D3 , which has 
overwritten the invalid data that, was previously in this 
stage. Since Stage D cannot pass on data 03 in Cycle 3 it 
cannot accept new data and, therefore, sets the ACCEPT signal 
into Stage CLOW. However, stages A-c are ready to accept 
new data and signal this by setting their corresponding 
ACCEPT signals HIGH. Note that data DA has been shifted fro. 
Stage A to Stage B. 

Assume now that the downstream device becomes ready to 
accept new data in Cycle 4. it signals this to the pipeline 
by setting the ACCEPT signal into Stage F HIGH. Although 
Stages C-F contain valid data, they can now shift the data 
downstream and are, thus, able to accept new data. since 
sach stage is therefore able to shift data one sten 
downstream, they set their respective ACCEPT signals oui 
HIGH. 

As long as the ACCEPT signal into the final pipeline stage 
(in this example, stage F) is HIGH , the pipeline shown in 
Fig. 1 acts as a rigid pipeline and simply shifts data one 
step downstream on each cycle. Accordingly, in Cycle 5, data 
01. which was contained in Stage F in Cycle 4, is shifted out 
of the pipeline to the subsequent device, and all other data 
is shifted one step downstream. 

Assume now, that the ACCEPT signal into Stage F goes LOW 
in Cycle 5. Once again, this means that Stages D-F are nor 
able to accept new data, and the ACCEPT signals out of these" 
stages into their immediately preceding neighbors go LOW. 
Hence, the data 02, D3 and D4 cannot shift downstream 
now.y.r. the data 05 can. The corresponding state of t, e 
pipeline after Cycle 5 is, thus, shown in Fig. X aS C-c'e * 

The ability of the pipeline, in accordance with' ch. 
preferred embodiments of the present invention, to "fill ,c" 
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empty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
from one another. In other words, even though a pipeline 
stage nay not be ready to accept data, the entire pipeline 
does not have to stop and wait for the delayed stage 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall" in the pipeline 
Nonetheless, stages downstream of the "wall" can continue to 
advance valid data even to circuitry connected to the 
pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
Pipeline stages temporarily cannot accept new data other 
stages can continue to operate normally. ' In particular, the 
Pipeline can continue to accept data into its initial stage 
A as long as stage A does not already contain valid data that 
cannot be advanced due to the next stage not being ready to 
accept new data. As this example illustrates, data can be 
transferred into the pipeline and between stages even when 
one or nore processing stages is blocked. 

in the embodiment shown in Fig. i, it is assumed that tne 
various pipeline stages do not store the ACCEPT signals they 
receive from their immediately following neighbors, instead 
whenever the ACCEPT signal into a downstream stage goes LOW ' 
this LOW signal is propagated upstream as far as the nearest 
Pipeline stage that does not contain valid data. For 
example, referring to Fig. i, it was assumed tnat the ACCEpT 
signal into Stage F goes LOW in Cycle 1. m Cycle 2, the low 
signal propagates from Stage F back to Stage D. 

In Cycle 3, when the data D3 is latched into Stage D, the 
ACCEPT signal propagates upstream four stages to Stage C. 
" r ' en " hs ACCEPT signal into Stage F goes HIGH in Cycle 4, it 
-use propagate upstream all the way to Stage C. In other 
->ords, the change in the ACCEPT signal must propagate back 
-' = ur stages. It is not necessary, however, in the embodim. 
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illustrated in Fig. X . for the ACCEPT signal to propagate all 
the way back to the beginning of the pipeline if there is 
some intermediate stage that is able to accept new data 

In the embodiment illustrated, in Fig. i, eacn pipeline 
stage will still need separate input and output data latches 
to allow data to be transferred between stages without 
unintended overwriting. Also, although the pipeline 

illustrated in Fig. i is able to "compress" when downstrean 
Pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to provide 
stages that contain no valid data between stages that do 
contain valid data. Rather, the ability to compress depends 
on there being cycles during which no valid data is presented 
to the first pipeline stage. 

in Cycle 4, for example, if the ACCEPT signal into Staae 
F remained LOW and valid data filled pipeline stages A and 3 
as long as valid data continued to be presented to stage I 
the pipeline would not be able to compress any further and 
va id input data could be lost. Nonetheless, the pipeline 
illustrated in Fig. ! reduces the risk of data loss since <r 
is able to compress as long as there is a pipeline stage that 
does not contain valid data. 

Fig. 2 illustrates another embodiment of the pipeline that 
can both compress and expand in a logical manner and wh'ch 
includes circuitry that limits propagation of the ACC-P- 
signal to the nearest preceding stage. Although th» 
circuitry for implementing this embodiment is explained arc 
illustrated in greater detail below, Fig. 2 serves co 
illustrate the principle by which it operates. 

For ease of comparison only, the input data and a CCZ?~ 
signals into the pipeline embodiment shown in Fig. 2 are t:-. e 
same as in the pipeline embodiment shown in Fi?. :. 
Accordingly, stages E , D and B contain valid data Dl , C2 a:z 
D2. respectively. The ACCEPT signal into Stage F is LCW; 
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data D4 is presented to the beginning pipeline Stage A. 
Fig. 2. three lines are shown connecting each neighboring 
pair of pipeline stages. The uppermost line, which may be a 
ous. is a data line. The middle line is the line over which 
the VALID signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also, as 
before, the ACCEPT signal into Stage F remains LOW except in 
cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

In Fig. 2, each pipeline stage is represented as a block 
divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2, the primary data storage 
is shown as the right half of each stage. However, it will 
be appreciated that this delineation is for the purpose of 
illustration only and is not intended as a limitation. 

As Fig. 2 illustrates, as long as the ACCEPT signal into 
a stage is HIGH, data is transferred from the primary storage 
elements of the stage to the secondary storage elements of 
tne following stage during any given cycle. Accordingly 
although the ACCEPT signal into Stage F is LOW, the ACCEPT 
signal into all other stages is HIGH so that the data Dl D2 
and D3 is shifted forward one stage in Cycle 2 and the data 
D4 is shifted into the first Stage A. 

Up to this point, the pipeline embodiment shown in Fig. 2 
acts in a manner similar to the pipeline embodiment shown in 
Fig. 1. The ACCEPT signal from Stage F into Stage E , 
however, is HIGH even though the ACCEPT signal into Stage F 
is LOW. As is explained below, because of the secondarv 
storage elements, it is hot necessary for the LOW ACCEPT 
sisna: to propagate upstream beyond Stage F. Moreover, by 
leaving the ACCEPT signal into Stage E HIGH , Stage F signals 
tnat it is ready to accept new data. since Stage F is net 
«le to transfer the data Dl in its primary storage elements 
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downstream (the ACCEPT signal 

>■ Stage e must , therefore , the data D ' ln CyClS 

secondary storage eleB ents of Stage F ° 2 lnt ° the 

priory and the second 9 Slnce b «h the 

con tain valid data ^\::z: g i;\\z n :i : f st ; ge f - 

signal from stage r into Stage E is 2 ^ow ' 
this repent, a propagation of the £ ™ E „ 
only one stage relative to Cycle 2 „ h * 
signal had to oe propagated bac* 111 " 

tne embedment shown in rig " ^ ^ t0 Sta * e C - 

preceding neighbors are set HIGH c Mediately 
- °< are shifted one stageT th^t ^ ' " 

5 ;;.r. a r;::;: rv he — dat! — 

contains val.d a 03 7n S - e t C S tlVely - « "~ 

-condary storage ell s I n^^T 

, — - k o f — °— 

Assume now, as before, chat the * * ata ' 

r becomes HIGH in Cycle « Th ? ^ lnt ° Sta ^ e 

downstream device to which " . ™ iS lndicates that the 

t° -cept -ta from 7"" ^ r ^ 

i« ACCEPT signal LOW and thus I ' *" 

» -9. r 1. not prepared to accept n 2 dltT " 

ACCEPT signals for each cycle i„ d . th " 
=ne next cycle that is h ^ Wil1 " happen " in 

( ACCEPT HIGH) o'r !i« h . r d« data ^ P " Sed °" 

-) • Therefore. TrT,^ ^ *~ 

P^sed froa stage F to thl / , * ' ' ^ d " a 01 is 

— .T« secU; to ^: r;:: device - - » - 

C2 in stage r ls not * 1D Sta ^ e f ' the 
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Comp aring the state of 

xt can be seen that the JZ s \l ? ^ 4 
_. .l«.nt.. enables the ^ of secondary storage 

= -P-d. that is, to fre/ up ; at r s b t Sh ° Wn ^ Fig - 2 *o 

data can be advanced Vor ' eleme " tS int ° " hi = h 

^ta blocks .01, D2 and D3 ) I I*™* 1 *' ^ Cycle 4 , the 

cannot be transferred un ^ ° c ^ — the lr 
f <?°es HIGH. once this siana , „ S19 " al int ° Sta °e 

— th. priory s to rage eLt 11 " 6 ' ° 2 -Mf, 

lf the following device * t0 aCCe P< 

<»a 03 and the p lpeline 1*?™." ^ ^ *° " C « iv « 

-own in cycle 6 , for which t ™? ata 7A ' " Th " 

secondary storage ele m e nts of sta ^ Shift * d *«o 

passed on f ronl Stage n ^ °' Sta °« and data 0, has 

collect.vely , lg ' : are referred to 

-bodi,ent of th . pipeline 1UStrate °-"-""y a preferred 
i»pl«.nt. the structure shown in " Pr * ferred «bodi„. nt 
non-overlapp ing clock w """"J 1 * " 2 ^ a two-phase. 
Phase clock is preferred> ^— « and oi . Although . ^ 

3lSO P ° Ssib ^ ^ drive , the v ar i ' PP " Ci "- «>■* it ls 
-vention using . cIock wi J" ° US en.bodi^nts of the 

As shown in p ig 3 Meh ° r * tha " two P^ses. 
-vino two separate bo^f ^ ^ '^"^ as 

-ondary storage elements. A1 .V VlT"' ^ 

the dat * Un.. connect the Jar ^ ^ VA " 0 S ^ 

°V"«. ease of illustration PiP6line •« 

— - r ig . 3. A change . ^ate 0 ? ^ 

c «"a in of the ACCEPT sioL • 9 Cl ° Ck P h — = * 

— po.nt.ng arroJ " S l^"^ »«■ > -1"- -n 

— y . . downw a rd- POi ::: ngtrv;::: Low to 

r„r changes from HIGH :; 
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Transfer of data from one storage element to another is 
xncacated by a large open arrow. It is assumed th „ 
> ALID signal out of the primary or secondary storage elements 
°f any given stage is HIGH whenever the storage elements 
contain valid data. 

In Fig. 3, each cycle is shown as consisting of a full 
period of the non-overlapping clock phases oo and ol. As is 
explained in greater detail below, data is transferred from 
the secondary storage elements (shown as the left box in each 
stage) to the primary storage elements (shown as the right 
box in each stage, during clock cycle ol . whereas data i s 
transferred from the primary storage elements of one stage to 
the secondary storage elements of the following stage during 
the clock cycle oo. Fig. 3 also illustrates that the primary 
and secondary storage elements in each stage are further 
connected via an internal acceptance line to pass an ACC^T 
signal m the same manner that the ACCEPT signal is passed 

'" B St3ge C ° Stage " In this the secondary stora- 

element will know when it can pass its date to the primar" 
<0 storage element. pr.rnar, 

an/?,' 3 ; h ° WS ^ 01 PhaSS ° f X ' ln " hiCh d "a Dl. D2 

storage 1 P " Vl ° U ' 1 * Shif ^ d — the secondary 

storage elements of Stages E , D and B , respectively, are 
. shifted into the primary storage elements of the respective 

there'f ^ " ^ °' ^ ^ ^ 

therefore, assumes the same configuration as is Bhown as 

Cycle l of Fig. 2 . As before, the ACCEPT signal into stage 
18 aSSUm6d t0 be LOW - ^ Tig. 3 illustrates, however, this 
-ans that the ACCEPT signal into the primary storage elenert 
- of. Stage F is LOW, but since this storage element does no^ 
contain valid data. it sets the ACCEPT signal into <- s 
secondary storage element HIGH. 

The ACCEPT signal from the secondary storage elener.t- 
Stage F into the primary storage elements of Stage E is also 
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set HIGH since the secondary storage elements of Stage F do 
not contain valid data. As before, since the primary storage 
elements of Stage F are able to accept data, data in all the 
upstream primary and secondary storage elements can be 
shifted downstream without any valid data being overwritten 
The shift of data from one stage to the next takes place 
during the next oo phase in Cycle 2. For example, the valid 
data Dl contained in the primary storage element of stage E 
is shifted into the secondary storage element of stage F the 
data D4 is shifted into the pipeline, that is, into the 
secondary storage element of Stage A, and so forth 

The primary storage element of Stage F still does not 
contain valid data during the 0 O phase in Cycle 2 and 
therefore, the ACCEPT signal from the primary storage 
elements into the secondary storage elements of stage F 
remains HIGH. During the « phase in Cycle 2, data can 
therefore be shifted yet another step to the right - . 
from the secondary to the primary storage elements with-n 
each stage. 

However, once valid data is loaded into the prinarv 
storage elements of Stage F , if the ACCEPT into Stage f tron 
.he downstream device is still LOW, it is not possible to 
shift data out of the secondary storage element of stage - 
without overwriting and destroying the valid data Dl The 
ACCEPT signal from the primary storage elements into th- 
secondary storage elements of Stage F therefore goes Lou" 
Data D2. however, can still be shifted into the secondary 
storage of stage f since it did not contain valid data ar.d 
its ACCEPT signal out was HIGH. 

. During the „1 phase- of Cycle 3, it is not possible t = 
sr.irc data D2 into the primary storage elements of s^ge =■ 
although data can be shifted within all the previous «tac« 
Once valid data is loaded into the secondary storage eler.er.ts 
of Stage F , however, Stage F is not able to pass or. -.r.:s 
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data . 
LOW. 



It signals this event setting its ACCEPT signal out 

Assuming that the ACCEPT signal into stage f remains 
data upstream of Stage r can continue to be shifted between 
s-ges and within stages on the respective clock phases until 
the next valid data clock 03 reaches the primary storage 
elements of Stage E. As in ustrated( tM . J 
reached during the ol phase of Cycle 4. 

During the oo phase of Cycle 5. data D3 has been loaded 
into the primary storage element of stage E . Since this data 
cannot be shifted further, the ACCEPT signal out of the 
primary storage elements of stage E is set Low . Upstream 
data can be shifted as normal. P " 

Assume now. as in Cycle 5 of rig. 2 , tnat the device 
connected downstream of the pipeline is able to accept 
Pipeline data. It signals this event by setting the ACCEPT 
signal mto pipeline Stage r HIGH during the Bl phase Q ' f 

SM.: data I /J Y St ° ra9e elementS ° f St.g. T can now 
1 H ata ^ ^ «• -I" able to accept new 

of Cycle 3 so tnac tne primary ^ P 

onger contain data that must be saved. Curing the phase 

F -r'ol -» D21S ' Cheref °"< s ^"ed within Stage 

^ S6COndary St °«^ ^-ents to the primary storage 
e ments. The secondary storage elements of Stage r are also 
able o accept new data and signal this by setting the ACCEPT 
signal into the primary storage elements of stage E HIGH 
During transfer of data within a stage, that is. from its 
secondary to its primary storage elements, both sets o* 
storage elements will contain the same data, but the data <- 
-r.e secondary storage elements can be overwritten with no 
data loss since this data will also be held in the pr'rary 
storage elements. The same holds true for data transfer frcr 
-he priory storage elements of one stage into the seccndarv 
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storage elements of a suhc 

A — now, that th Sta9e - - 

. elements o St Z F ACCEPT *^ ^to th . pri 

C >' cl e 5. This 9 F 9 ° es L °W durino t h Primary 

5 dat, n , anS that Stage r i« 9 01 P has e in 

= data D2 out of rh D 1s n °t able to ► 

ACCEPT ■ e^line. Sta g e F ^ to transfer the 

ACCEPT Signal from . primarv 9 /' C ° nSe ^ntl y , setsthe 

•l«.nt. LOW to prevent rCwri;; y storage 

T V" 3 ^ "™ ^ second" * ° f ^ ^ D 2 
F. however, can be ov erwrittB Y St ° ra ^ elements of Staoea 

13 —ore, -ansfer ^ tT° Ut "* «» 

«" b ; d ow nst rea/ as S n e or °; al CyCle 6 ' ^ata D4 and J 

signal lnto thfi pr . m sto M ' as l°ng as the accept 

- d — of the second s ; a o 9 ; ao elem - tS <* ^tage F ls ^ 

it signal this by set ! 6iementS .cc.pt new 

Stage E low . * setting the ACCEPT signal i n ' 

w 'nen the ACCEPT ' " 

Pipeline stage). „.,,.„. tage or within the Br „ 

— Pippin r- s r is change ----- p :;t;; n 9 

—age element bloc, 
As thxs example illustrates th . 
th = pipeline structure ia *' * C °" Cept °< - "stage" in 
extent a matter of ^"strated in ri 96 in 

° f Perception q; n 9 15 c o some 

-"" 4 „ a stage (from the second/ ^ iS '"--'erred 

- *« - --. n « c ;;: s a T,; 0 o the ^ 

; , " Mtl ° f the stream stage L «°»o. 

J— ts of the neighboring do!;,;;;; ^ — ndarv storage 

as consider a stage - c """""-9.). one could Ju .. - 

£ie.-)en^ -,-,1 • consist of • 

'° U0Wed b >' "-condarv storage eien ^'" 

96 eie "ents" instead =: 
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« illustrated in ri 

°flab e u ng . InFi 13 •"•"fore, mostly a guestion 

5 ;i- b. referred te g as : o ;;; ut ?;;-;" «o„,. ele j nt r;; 
;;; the ei — <«. whlc p h da °"v lements ' since 

stage xnto . foU owing * ta is transferred out 

Same "age. lnpUt " ^rage el ements fQr ^ 

^CEPT ,n d VALID signail^ 0 ^ t h . control of ^ 

between i ts internal J,""" 1 * befo " Passing it 

f o llowing pipeiine , t 9 ; ^-^ - passing it co 

«or. g . events and ^ ™ bi tr VriT^"' ^ ™ °«P« 
- «. storage events. Presses data SCored 

furthermore rn^ ..^ 

but "tner it can be another ° f »>.rdw. r . structure. 
■« «. ACCEPT signal L0W not a o t ; : d y b ; h 1 °-'' * PiP-Un. st age can 

— or b0th of it s stor age ;; e ;;;; ic creat - - iid data j 

not nece Ssary f or a st age si-o! ^ ° ther «rd., it i s 

— on . hether or no 9 t e t s ;- -p^ to pass on the accept * 

,1,B,ntI contain. valid k ^ d ~ n "«« storage 

— er, the ACCEPT — cannot be pasi 

:n * SCa ^ or. by circu-rv 1 Y aiS ° be al tered 



Passed cn. 



.. . a j. so t>e c 

: "trci th . ' Clrcu -ry external to the sta oa • 

the p assag e of sta 9e. m order 

' °«— " adjacent storace 
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events. The VALID signal may also be processed in an 
analogous manner. 

A great advantage of the two-wire interface (one wire for 
_ each of the VALID and ACCEPT signals) is its ability to 
= control the pipeline without the control signals needing to 
propagate back up the pipeline all the way to its beginning 
stage. Referring once again to Pig. i, Cycle 3 , for examplS( 
although stage F "tells" stage E that it cannot accept data 
and stage E tells stage D , and stage D tells stage c' 
- indeed, if there had been more stages containing valid data' 
then this signal would have propagated back even further 
along the pipeline. In the embodiment shown in Fig. 3 Cycle 
3. the LOW ACCEPT signal is not propagated any further 
upstream than to stage E and, then, only to its primary 
la storage elements. y 

As described below, this embodiment is able to achieve 
this flexibility without adding significantly to the s^^ 
area that is required to implement the design. Typical V 
each latch in the pipeline used for data storage requires 
- only a single extra transistor (which lays out v^y 
efficiently in silicon). m addition, two extra latches and 

IcCEPT Z Z™ a " Prefe " bly added - P—ess the 

ACCEPT and VALID signals that are associated with the data 
latches in each half-stage. 

25 Fig. 4 illustrates a hardware structure that implements a 

stage as shown in Fig. 3. 

By way of example only, it is assumed that eight-bit data 
is to be transferred (with or without further manipulation ■ n 
^ optional combinatorial logic circuits, in parallel thr=u^ 
-•- «e pipeline. However, . it will be appreciated that either 
-ere er less than eight-bit data can be used in practice 
tne invention. Furthernore, the two-wire interface ,r 
accordance vith this embodiment is, however, suitable for ,se 
--h any data bus width, and the data bus width nav ev S - 
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change from one stage to the next if a particular application 
so requires. The interface in accordance with this 
embodiment can also be used to process analog signals 

As discussed previously, while other conventional timing 
arrangements may be used. the interface is preferably 
controlled by a two-phase, non-overlapping clock. m Figs 
4-9, these clock phase signals are referred to as PHO and 
PHI. m Fig. 4, a line is shown for each clock phase signal 

Input data enters a pipeline stage over a multi-bit data 
bus IN_DATA and is transferred to a following pipeline stage 
or to subsequent receiving circuitry over an output data bus 
OUT.DATA. Th e input data is first loaded in a manner 
described below into a series of input latches (one for each 
input data signal, collectively referred to as LDIN , which 
constitute the secondary storage elements described above 

In the illustrated example of this embodiment, it is 
assumed that the Q outputs of all latches follow their D 
input., that is, they are "loaded", when the clock input is 
HIGH, i.e.. at a logic "1" level. Additionally, the Q 
outputs hold their last values. m other words, the Q 
outputs are "latched" on the falling edge of their respective 
clock signals. Each latch has for its clock either one of 
two non-overlapping clock signals PHO or PHI (as shown in 
Fig. or the logical AND combination of one of these clock 

signals PHO. PHI and one logic signal . The invention * 
equally well-, however, by providing latches that latch on the 
rising edges of the clock signals, or any other known 
etching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations 

The output data from the input data latch LDIN passes via 
an arbitrary and optional combinatorial logic circuit HI. 
•-■hich nay be provided to convert output data from input latch 
-CIN mto intermediate data, which is then later loaded ir. 
output data latch LDOUT, which comprises the primary stcr. 
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elements described above Thfl 

l«ch LDOUT nay similarly «« output daCa 

°Ptional combinatorial logic cL ? *" ' rtit '«y and 

on, ard as out_data to the next B2 bef ° re bein 9 P^sed 

* b. another p ipe i ine stage Z*£ Th.s may 

the pipeline. ° ther devi « connected to 

validation output latch LVOUT an ^ '"^ LVIN ' a 

0 "IN. and an acceptance output ' latch"^"" latCh 
fOUr i«. Preferably " ^ &Ch ° f «... . 

outputs from i atches ^ IX 6 ' ^7 le - St ^ l«ch. 
respectively, QV1H , QV0UT "I" *"d LAOUT are , 

™ fron the v a ii dation ^ ^" . ™. output signal 
Erectly as an input tQ v /" 1 ' tCh 1S «•„„.«.«, either 

vi- intermediate logic devices '"^ LV ° UT > »r 

sxgnal. ^ d6V1CeS °* circuits that may alter the 

SiBHarly. the output valid*,-; 
"•o. »y ^ connected either " V"" 1 ^ °' 3 

— " ^-t -tch Q ;r / h r n L to . the input - - 

intermediate devices or loci. . ° iiOWln 9 "age, or via 

: udati °" • »u. output 0 "^';; may aiter the 

109»c-,.t. (to be described below) whose e ° mme ™ to • 

t° the input of the acceptance ° UtPUt iS c °""ected 

fr 0m the .ccp^r:: * n ::: cn ™ N - The °— 

a similar logic gate ,h 13 conn «cted to 

another logic gate ,d "«"»" below,, optionally via 

As shown in Fiq 4 
Sor-. an OUT VAX. ID sig na that ° UtPUt -9-1 QVOCT 

-, g es as a ~ 1M VALID 9 s 3 that «„ ^ received by subseguent 

to subsequent circu! t0 indi «te valid 

r..di„... of fol] IrCUlty «n„.et.d to the pipeline. The 

-«"c«. d to each s- W1 " 9 °' *° ""P* 

connected as th . , " the si * nal OUT_ACCEPT, which i. 

P"t to the acceptance output latch LAOCT , 
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Preferably vi a ioQi 

. ' P«'«r.bly via i P C ° the a «eptance input x 

3 b6lOW - 9 «««.«ry. which is described h 

In P««icing the present in, 

Qvour- frora the val 7 dation en i tl ° n ' the °«P« signals 
combined with the accepta nce LVIN ' ^OUT are 

r«p.ctiv. ly . to forra th p e ta ; n c ; uts si f ais oAoax, o UT _ ACCEPT e 

"OCT. r espec t ively . Z 'L ^ itches 

-binationof the respective va id :i " ^ "AND 
-th the logical inverse of ^ 'T ■iWl. QVI*. ovoo-T, 
SlgnalS Q AOU T, OO-T ACCEPT co„v output 
-vi. INV2 form t Peratxon, and the inver 

acceptance signals, of the respective 

AS is wel l known in the arr * 
f«» * NAND gate i s . i og i ca t l °! 1 d . i9 w ; tal "» the output 
-"Put signals are in the i any or all of irc 

in th . lo,^.,-.*.^"" "°" »»«n .11 „ it . 

« „. of «•■ Ai«= „. U lr t „. 



"°" a "d is a "0" 



^ logical "i" Bh . '. a digital inven 

»• ro.olv.d as folic,. "===pc« n « 

-atch LAIN can 

is * "0" or the signal Q \ * ither "h.„ the signal 
gaze »-A^m , vmoot is a "n, 

— Dl and the inverter i NVl ' ° r ^ e 

can - therefore, be 
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implemented by a single OR gate that h 

t«d directly to the QAOOI °" e ° f inputs 

"OUT and its OCner input t " PUt 0f the -ce.pt.nc. l atch 
signal qvi N of tne valida the inve "* of the output 

a- - known \ he a t put latch LVIN - 

. latches suitable for use as th . °f. ■ di 9 ie ** ^sign, many 
inches may nave tWQ ou validation and acceptance 

^ logical inverse. r, ' V/" 1 N ° T(Q) ' that 

is. Q and 

input to the OR gate c.n th , " Ch ° Se "' th * one 

and the i nverter „ lld "" n ia t=h Wn. The gate NAN'Dl 
conventional technics. DependT Plen,ented ^ Wel1 
-ed. however, it may b .^r 9 °" *** ^ '""t-ctur. 
. —ut an inverting o t put and t'o ^ u " « "to, 

' NA ™1 and the inverter IN ; i b o th PrOVlde inSt6ad ^ *«• 
implemented eff icientl ' ° 0th of """h also can oe 

k — -».n 9 ...„t raay be usedT d6ViCe ' ACCOrdin ^.v- 
and/or its logical inverse. 96nerate the ° 

The data and validation , 

— load the lr r :: :: ve :1:1 s ldin ' ldout - — - 

s^nals (PH0 at the input side , b ° th Ci °<=* 

— output fro™ the P acce pta e nc e iar c ; " ^ ^ 
logical "r.. Tn P nc « latch of the sane side are 

^ches L 0X N and L v IN ; an d e S19nal < PH ° «>• input 

acceptance latch U n th ls c se V/ N ^ °' 

In P^ticular appi ications 

<* «>• latches, the logical AND on " ■ ^ ^—aticns 
fading (vla tne , ^ J 1 A ™ W-txcn that controls the 

can be i„ pl enented , y LT"^ ' ° f 

connecting th . respective J " * "nventional nannar fc , 

sample. PHO and QAIN for the in * ^ signals {f3r 

?ates of „ os transi ,. fl „ iatCh6S LVIN and LDIN) - 0 t , £ 

-ransis.ors connected in senes in 

" les m the input 
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lines of the latches. Consequently, is necessary to provide 
an actual logic AND gate, which night cause problems of 
timing due to propagation delay in high-speed applications 
The AND gate shown in the figures, therefore, only indicates 
= the logical function to be performed in generating the enable 
signals of the various latches. 

Thus, the data latch LOIN loads input data only when pho 
and QAIN are both "1". it will latch this data when either 
of these two signals goes to a "o". 
10 . Although only one of the clock phase signals PHO or PHI 
is used to clock the data and validation latches at the input 
(and output) side of the pipeline stage, the other clocK- 
Phase signal is used, directly, to clock the acceptance latch 
at the same side. m other words, the acceptance latch on 
- , either side (input or output, of a pipeline stage is 
preferably clocked "out of phase" with the data and 
validation latches on the same side. For example, PHI is 
used to clock the acceptance input latch, although PHO is 

^0 IT, ln H gener3tin * the cl ° c * -ign.l CK for the data latch 
<0 LDI.n and the validation latch LVIN. 

As an example of the operation of a pipeline augmented by 
the two-wire validation and acceptance circuitry assume that 
no valid data is initially presented at the input to the 
. circuit, either from a preceding pipeline stage, or from a 
2= transmission device. i„ other Hords< assume ^ ^ 
validation input signal INVALID to the illustrated stage has 
not gone to a "1" since the system was most recently reset 
Assume further that several clock cycles have taken place 
since the system was last reset and, accordingly. the 
^ circuitry has reached a steady-state condition. The 
valuation input signal qvin from the validation latch Lvr: 
*s. therefore, loaded as a .. 0 " during the next positive 
Period of the clock PHO . The input to the acceptance ir.put 
* a ' Ch LAIN ,via tne gate NAN D 1 or another equivalent gate;. 
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i. «. .... ^o™ 1 ^;"^ ™j- :„rv h - 

•lon.l, th.t Xt u „.„„. „ , cce „ 

not hold ,„y a «, „„ th „ vln5) - '""■=« " "o«, 

In thi, .a.pl., nK . t „, t 

cn. „«„ .„„ V . 114 « 1M lst=h>s - » 

t«. .„„.! IN.ACCEPT « this ti „. is , 
.«««i Wy „o rt „ oo„v.„tlo„ = l tranap „.„ t ^ 

«» no« latch L00UT „ th . »• > < -° 

output sional fro™ , . )- Fu "hermore, the 

C 77, „ ! "r'°; <•« »• 

r...in. . .. lo r," " •>"»•=».« v.l id « lm latch ) 

to t». ^r^™ 1 " 5 n, - w » <~ -»> 

fchen the input data to a data ] atrh 

e ;::;;r ™ g v . lld . tlon 1Mch then j., 

• 1 on the next nsing edge of its respective cloc 

: r.:: 9 ;:;- For exampi - - v. lid . tien inp ; t sign e al c i c 

c .a h UI» rises to a »i- when its corresponding XN . 

:Z or 90 " hl , 9h (that is - rises to a on the 

96 ° f the cl °ck phase signal PHO . . ' 

Assume nov, instead, that the data input latch 
3 * nS Valld data - ^ the data output latch LDOL'T is r «=- 



49 



15 



7- n 



25 



to accept new data it« * 

m thl . case ; d ; r s in ; cc t ; p ; ance signai w iu be . 

dock signal PH1 , the da " a la * P ° Sitive P«iod of the 

* ««. present at itS input . ^ ^ ^ LDOUT led the 

signals are non-overlapping. At * ! .' " the Ci ° Ck 

the preceding data lat=h (L 9 DI At wi the rising edge of pH0> 

new input data froffi ^ therefore, not l at ch in 

> l«ch LDOUT has safely A7c hed 7 h 96 UntU ^ data ° ut P"t 
latch LDIN . Y Ch6d the data transferred fron, the 

Accordingly, the same sequence is foll - 
adjacent pair of data * " is followed by every 

adjacent stages) that are ab i e to * * ta °* ° r bet ^ 

wi" operating based on a^er^T ^ ^ 

Any data latch that is not read °' ^ Cl ° Ck - 

- contains val id data that ca J^'"^ *-ause 

3n ° UtpUt .==.Pt.nc. signal QA 

acceptance latch LA) that is LO W and T ^ i = S 

signal (the output from the . ' 9 " the acce Pt*nce 

o P . ld . unput :/:: t ;:rT c : :r h > ot a 

corresponding data iatch wm ^ ^ ^J^* is L0W , its 

'-g- h also shows a res^r f^,*. 

«*odi-.nt. m the illustrated" " " 3 Prefe ™ 

NOTRESETO is connected ™»™ •W. a reset signal 

inversion lm hereby «••* input „ 

conventional, of the vaii dation mal1 Clrci ^ as ls 

Known. this „.„. ^ *- 

»• ^rced to output a "0" whenever tie " " ^ ^ 

=eco, es a „ 0 .,. 0ne advan r „." Si9nal NOTR "ETO 

-»« -gnal goes low /"^"V^ ^ ^ 

-rans,issi=n wi U reset the latches Th ' " 

-neir "null" or _ eset =r „ es 1 Thev will then be 

-eset state whenever a va ] i h . ■ 

a valid transmission 
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begins and the , 

NOTRESET0 , ^^"^ ™. reset signal 

»«h that it muS t be at a HIGH v!! "° N/ ° FF " SWitch - 

Pipeline. V3lue ln "der to activate tne 

Not. that it is not necessary tn 
that hole valid data in the pips \l° e reS ;\^ ot the latches 

thS Vai ^ ion input latch L vi N is not ■". in «. 

-set signal NOTRESET0 , but r . * »»y the 

A«». that the reset signal NOTReseVI 1,MU " C »*- 

-Uoation output S i gnal Q V0UT Tso 7 s ' "°" ' Th « 

regardless of its previous « t „* PS t0 a "°"< 

-ceptance output latch LAOUT (vTa ^ ^ "° ^ 

ThS ■««Pt.n=. output signal QA OUT also' 9 °" ' 

QAOUT value of «!» is * * ls ° rises to a Tnis 

"< - acceptance 1 Z^™'7* ? 3 <° ^ ^* 

Nation input Slan al ^V* 9 '^"" °' ^ «* 

= -?nal QAIN then rises to a at acceptance input 

th « dock signal PHl . Assu . " thS next rising edge of 
INVALID has been correct yre I ^ Vali -"o„ s.gnai 

subsequent rising edge of the "0 '° " then UD °» «" 

Ton the v a i idation latch "'"^ "e output 

£ As th ls ex amp i e illustrates it «, , 

the vai idatlon . ^ C " necessary to reset 

» <-clud ing the final stage, T ^ ° f each *tag e 

— • - fa., " a i ; n ap ° p r r;; at r — 

necessary to reset every other " " WlU " 0t be 

signal NOTRESETO can be »■ the 

no» than one conp iete cycle LT""^ b " l0 " 
- -oc,, then the -L^t si ^.T^ ^ ^ °< 

-set signal) ,. in " t f , r b ' CW ' rt 'P»W.tio„o ; 
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signal) win occ ruyoi - Aon or 

Preceding pip e i ine st " f ° r ^lidation latches in 

held low for at J"" Indee <^ if the reset signal ls 

— as the ; St a ; e S cycles of both phases of 

■ a re pipeline stages, it will 



only ce 



51 



necessary to directly reset the validation output latch in 
the final pipeline stage. 

Figs. 5a and 5b (referred to collectively as Fig 3) 
illustrate a timing diagram showing the relationship between 
the non-overlapping clock signals PHO, phi, the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the two illustrated sides of a pipeline 
stage configured in the embodiment shown in Fig. a. m the 
example illustrated in the timing diagram of Fig. 5 it has 
been assumed that the outputs from the data latches LDIN 
LDOUT are passed without further manipulation by intervening 
logic blocks Bl. B2. This is by way of example and not 
necessarily by way of limitation. it is to be understood 
that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages or 
between the input and output sides of a single pipeline 
stage. The actual illustrated values for the input data (for 
example the HEX data words "aa" or »04") are also merely 
.illustrative. As is mentioned, above, the input data bus nay 
have any width (and may even be analog, , as long as the data 
latches or other storage devices are able to accommodate and 
iatch or store each bit or value of the input word. 

Preferred Data s tructure - "tolr»n«» 

In the sample application shown in Fig. 4, each stage 
processes all input data, since there is no control circuit- 
that excludes any stage from allowing input data to pass 
through its combinatorial logic block Bl, B2 , and so forth 
-o. provide greater flexibility. the present invention 
,.-.=, udes a data structure in which ■•tokens" are used - = 
distribute data and control information throughout -.e 
system. Each token consists of a series of binary bits 



separated into one or r.ore blocks of token 



wcrzs . 
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Furthermore, the bits fall into one of three types: address 
bits (A) data bits (D), or an extension bit ( E) . Assume by 
way of example and. not necessarily by way of limitation 
that data is transferred as words over an 8-bit bus with a i- 
bit extension bit line. An example of a four-word token is, 
in order of transmission: 



10 



15 



20 



First word: . 
Second word: 
Third word: 
Fourth word : 



E 


A 


A 


A 


D 


D 


D 


D 


D 


E 


D 


D 


D 


D 


D 


D 


D 


D 


E 


D 


D 


D 


0 


D 


D 


D 


D 


E 


D 


D 


D 


D 


D 


D 


D 


D 



Note that the extension bit E is used as an addition 
(preferably) to each data word. m addition, the address 
field can be of variable length and is preferably transmitted 
Dust after the extension bit of the first word. 

Tokens, therefore, consist of one or more words o- 
(binary, digital data in the present invention. Each ~< 
these words is transferred in sequence and preferably -n 
parallel, although this method of transfer is not necessary 
serial data transfer is also possible using known techniques 
For example, in a video parser, control information is 
transmitted in parallel, whereas data is transmitted 
serially . 

As the example illustrates, each token has, preferably at 
the start, an address field (tne string of A _ faits) ^ 
identifies the type of data that is contained in the token 
in most applications, a single word or portion of a word «, 
sufficient to transfer the entire address field, but this < s 
not necessary in accordance with the invention, so lon= as 
logic circuitry is included in the corresponding pioeiine 
stages -.,at is able to store some representation of part, a! 

addrSSS fields lon< ? enou 9". ^r the stages to receive a:.: 
aecoae the entire address field. 
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Note that no dedicated wires or regi sters 
transnit the address field It is t „ required to 

- is explained ^J" \ d using the data 

slowed down if it ic PlpellBi Sta< ? e w ^ not be 

The remainder of the data i« 

w-u^s. may take on any valuoe *-v 
to th... bit, i, „, „„ , — mn, .tt.ch.d 

of d.t. voTd. in 7i« r „" T" " " ,U '" a ' "» 

-a- - 9 ° f ° Mts) can be arbitrary as 

-a., be tne information conveyed in fh . ^ 1 ' 32 

vary accordingly The , f " ld Can als ° 

explanation below is tho . * 
directed to the use of th . »^ therefore, 

address and extension bits 
*n the present invention tok-nc , 
data structure when 3 P articu iarly useful 

connected together Tn a rT^ ^ ^ ^ a ~ 

"»r example. in th . one s J n ^ "Y , steps. 

however i, lg ' h The u se of tokens 

Assune reSt - cted « use on a pipe i ine structure ' 

Assume once again that each box represents a c= m 

pipeline stage in rh» , ■ ^presents a com piete 

•-f. ^o - J ■ P^eUne of Fig. : , daca flows . 

V: D ln the diaoran - Data enters the -^m. .j 

th- da-a"\ d PrOCeSSlng St '^ e A - Thi. ,a y or „ y not 
-e.".. d " Che " PaSS6S thS da " to Stage 3. 

r ' any ' nay be coquet* 

■ -e-e .ill not be the sane number of data : - s .- 3 
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flowing into any stage as flow out. stage B modifies the 
data again and passes it onto Stage c, and so forth. m a 
scheme such as this, it is impossible for data to flow in the 
opposite direction, so that, for example, stage C cannot pass 
data to stage A. This restriction is often perfectly 
acceptable. 

On the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage C even though there 
is no direct connection between the two blocks. Stage A and 
C communication is only via stage B . One advantage of the - 
tokens is their ability to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 
block . 

According to this example, an extension bit is transmitted 
along with the address and data fields in each token so ^ha- 
a processing stage can pass on a token (which can be of 
arbitrary length) without having to decode its address at 
all. According to this example, any token in which the 
extension bit is HIGH (a is follow . d by a subsequenc 

word which is part of the same token. This word also has an 
extension bit, which indicates whether there is a further 
token word in the token. When a stage encounters a token 
word whose extension bit is LOW (a « 0 ", , it is known to be 
the last word of the token. The next word is then assumed to 
be the first word of a new token. 

Note that although the simple pipeline of processino 
stages is particularly useful, it will be appreciated that 
tokens may be applied to more complicated configurations c: 
processing elements. An example of a more complicated 
processing element is described below. 

-t is not necessary, in accordance with the present 
invention, to use the state of the extension bit to signal 
the last word of a given token by giving it an extension bit 
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set to "0". 



One alternative to the preferred scheme is to 
move the extension bit so that it indicates the first word of 
a token instead of the last. This can be accomplished with 
appropriate changes in the decoding hardware 

The advantage of using the extension bit of the present 
invention to signal the last word in a token rather than the 
first. is that it is often useful to modify the behavior of 
■a block of circuitry depending upon whether or not a token 
has extension bits. An example of this is a token that 
actuates a stage that processes video quantization values 
stored ln a quantization table (typically a memory device, 

L°t r eger m s Ple ' " ^ « " bit ^ "-y 

in order to load a new quantization table into the 
quantizer stage of the pipeline, a "QUANT TABLE" token is 
sent to the quantizer. In such a case'the token, for 
".-pi., consists of 65 token words. The first word contains 
tne code "QUANT TABLE" i = ^ , 

- BLE ' 1 ' e " build a quantization table 
This is followed by 64 words, which are the integers of the 
quantization table. 

When encoding video data, it is occasionally necessary to 
transmit such a quantization table. m order to accomplish 
this function, a QUANT_TABLE token with no extension words 
can be sent to the quantizer stag,. 0 n seeing this token 
nd noting that the extension bit of its first word is LOW 
the quantizer stage can read out- i, B 

y <-*n read out its quantization table and 
construct a QUANT TAnr r , ana 

Uuant_TABLE token which includes the 64 

quantization table valu^c 

values. The extension bit of the first 

word (which was LOW, is changed so that it is HIGH and 
-ken continues, with HIGH extension bits, until the new end 
- .he token, indicated by a LOW extension bit on the sixtv 
.-■-r_h quantization table value. This proceeds in the . 
^p.cal way through the system and is encoded into the t- 



Continuing with the example thB 
^ new quanti2ation tabie P • ^ant i2er nay either 

°« us table depending on ° W " — °T -vie. or read 

. Qt-ANT_ TABLE token has J. ^ word of ^ 

- ™. choic or w he tn er t:^;; 5 ;;; bit - 

d the fir " « l«t token word ln : e * tenSi ° n bit t0 
depend on tn . syste „ in ** • -ken win, theref ore , 

B ° th -".rn-tiv.. are possible P1Peli " e be «•«•- 

invention. SSlHe - accordance with tne 

Another alternative to the 

to inci - e * ^"-t h - count at pr t ;? r . r ' d extension ^ 

a " arrangement nay, for , the sta " of the token. Sucn 

^ ror example 6 ^ £ " • — 

^v.n a PP i ication is ' that a typical toj<en • 

' -"".ion bit schene ion-. using the lllu . ' 

— ^e token woul d require n t0 token 

-ntai„ all the extension additional bits to 

°* -quired to encode the tok . B T ^ bits 

^though there are, th/r' ^ '«>«.. 

shown ;J^t r T' USSS ^ tokens 

tokens, Her _ ^ tner e are man y n Sec . 

•-v.nt.o.ou. "/I' ™-«.d extension bi ' t " " h °" 

it a token is „„, scheme < s 

one bit i«= onlv one word i„ * 

is required to signal tM 9 ' then ° n ly 

SCh ; e W ° Uid W«ny requl" the " However , a counting 
^advantages of a ^en" Saine te " bits as before 

b PU " S « -irnurn length ""r?;" ^ ^ *> 

;. f . 3 t0ke " »«•* be known in adv " ^ COU "ted, ; 3) the 
';-ch is presumably « the st " ° f ••"•"tin, the count 
Ci °ck of circui try th ar h " ° f the token)- " 

~. .., y nat deals vii-h * , ■*' every 

v ith „. -th tokens would need to be 

■ h0 «» 9 et corrupts fdue J^"/ ^ and 5, if the 

^ " ear — ver.; 0 c : n d r;;; — - n error, it ^ 

achieved. 
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wit^he : ^ eXtenSi ° n S=heme in -corvee 

with the present invention include: 1) pipeline stagfis ^ 

not lnclude . block of circuitry that d ev j y s to n k e ; n d 

since unrecognized toXens can be passed on corr J'**" 

considering only the extension bit; 2} the 

extension bit is identical for all tokens; „ there s no 

-m^ntT °" len9th ° f a token; 4 > ^ • 

the t 7 , tSrmS ° f ° Verhead t0 ^ ^ngth o, 

the token, for short toKens; and S , error recover. ls 
natural!, achieved. If an extension Mt is ^^J/^ 
one random Coken will be generated ^ ^ 

corrupted from -x- to ..„-, or a to.en win be lost Cextensi n 

loc a r rr d UPCed "°" " Furth «-«'. 
localized to the tokens concerned. Aft . r that to J n 

operation is resumed automatically. 

in addition, the length of the address field - av be 
varied. This is higtUy advantageQus ^ ^J?^* 

:::r -tr to be squeezed — - — -Sr.; 

ord. lhl ., ln turn , is of gregt importance 
Pipeline systems since it ensures processino I- 

can be continuously running at full bandwidth " ^ 

In accordance to the di-^co^ ■ 

-riable length address ^"T"' ^ " 3il ° W 

^ Iess rields, the addresses ar^ ,-k~» 

o* - r ^ n 6rtheleSS ' " will.b. appreciated bv one 

o ; rd.nary . klU in the art, that other coding s=he, eS , av 
a-so be successfully employed 

^ Although Huffman encoding is ,ell understood in the fi .: d 
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Huf fman codes consist of words made UD of a st 
-y-bol. ( in the context of digital systems, such as \h e 
Present invention, the symbols are usually binary dioxts, 
The code words may have variable length ^ * 

5 property of Huffman code words is that a code word is Lsen 
so that none of the longer code words start with the symbols 
that form a shorter code word. m accordance with the 
invention, token address fields are preferably (although not 
necessaruy, chosen using known Huffman encoding technics. 

Also in the present invention, the address f ield 
Preferably starts in the most significant bit (MSB) of the 
xrst word token. (Not . that the designation of the MSB s 
arb.trary and that this scheme can be modified to accommodate 
various designations of the „ S B., The address field 
1- continues through contiguous bits of lesser significance 
If. in a given application, a token address requires more 
: one token word, the least significant bit in anv giv . n 

^t Q ; Je " fiSld C ° ntinUe ^ m °" '^nlflcn. 

Any of several known hardware structures can be used -„ 
generate the tokens used in the present invention. One such 
-ructure is a microprogrammed state machine. However, knol 
-coprocessors or other devices may also be used 

The principle advantage of the token scheme in accordance 
-ith the present invention, is its adaptability- - s 
unanticipated needs. For exAaple> if a new ^ ' 
introduced, it is most likely that this will affect on- a 
snail number of pipeline stages. The most likely case'-s 
-n« onxy two stages or blocks of circuitry are affected 
-•e., the one block that generates the tokens in the 
Place and the block or stage that has been newly designed - - 
-odif.ed to deal with this new token. Note that it is 
necessary to modify any other pipeline stages. Rather, t,e SS 
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accord T 519 " 5 b6CaUSe ^ Wil1 — "co gnize it and 
accordingly, pass that token on unmodified 

This ability of the present invention to l eave 
• substantially existing designed devices unaffected has 

;;rr a x n . may be possibie to — -icoj : 

chips in a. chip set completely unaffected by a design 
improvement in some other chips i„ the set. This L 
thaT^T b ° th P-»P-««v. of a customer and 

chip. I 7; UfaCtUrer - *™ " Edifications mean that 

becom ^ d6Sign Ch "*- ^tuation that 

become increasingly likely as levels of integration progress 

IITLZ numbe n r of chips in a system drops > 

than T COnSlderable ^V-tage of better time-to-market 

-ify an existing design. To^n decoders Tn 

stages will attempt to decode the first word of P ^ 

and will conclude that it do^ SUCh 3 C ° ken 

uae that it does not recognize the token it 

-HI then pass on the token unmodified usino rh ■ 
bit to perform this operation correctly It Jill 
to decode the second word of the token , """"^ 
contains address bits, because" ^ 

::™ 2e s part of the data — - a — " 

In many cases, a pipeline ~ 

^ p une stage or a connected block 
: -uitry win modify . token. This usually , ^Jf^ 

™'T ;; kes the <~» - - da J fi . ld 

vcrds'in , t ; C1 ° n ' " 15 COmm ° n £ ° r the of data 

-eras m the token to be modified, either h u — 

da-a ••„rH. • l. uner fa y removing certain 

' a ' ords °r by adding new ones. T n 
— oved oo^i , r ° ne case =. tokens are 

OV,d en tirely fron the token stream 
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in most applications, pipeline stages wi U typically only 
decode ( be activated by, . few tokens ; ^ * P d J s ° 

recognize other tokens and passes them on unaltered. In a 
large number of cases, only one token ^ dfi « 
Token word itself. 

in many applications, the operation of a particular stage 
w, 11 depend upon tne results Qf ^ ^ ^ ^ 

state of the stage, thus, depends on its previous states 
in other words, the stage depends upon stored state 
information, which is another way of saying it must retain 
some information about its own history one or more clock 
cycles ago. The present invention is well-suited for use in 
Pipelines that include such "state machine" stages, as well 
as for use in applications in which the latches in the data 
path are simple pipeline latches 

The suitability of the two-wire interface, in accordance 
-ith the present invention, for such "state machine" circuits 
" a _ Si 9 n "i«nt advantage of the invention. This "is 
especially true where a data path is being controlled by a 
-0 state machine. In this case, the two-wire interfL 
echnigue above-described may be used to ensure that the 
current state" of the machine stays in step with the data 
-hich it is controlling in the pipeline. 

Tig. 6 shows a simplified block diagram of one example of 

::;::r r i:;: lud " in a pipeiine sta - <« ~ 

address field. This illustrates a pipeline stage that has 

mi ?:;::T stics of a ,,state macMne "- — — 

.ore • rd "h" " eXtenSi ° n bit " ^ * HICH if there are 

. r '; rd " t0k6n ^ L ° W " thiS 15 th * l«t word 



-s^ _ last word c 

*oK.„. Xf this is the last word of . token , the „.„ 

en and, therefo 

no- t „ , K ThS deCiSion as to whether o: 

no to decode the token address in any given word , rhU3 , 

depends upon knowing the value of the previous extension bit. 



* or ° ° z a token, the next 

-ana data word is the start of a new r«i, 

.- c „ Mr > new token and, therefore, 

--s address .,ust be decoded. The decici™ ...... 
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For the sake of Bian , . 
^ th. acceptance 'c. ^ °" lv ' the tWo . wire . 

= by way 0 f , AS bef °". an 8 - bit " " tln 9 th. 

C » e -ten sion b 7 t b P1Peli " e de 4s the , ll - it "^n- 

™ Token. A ;\7 ^ PiP6li - «aoe. . T ^ 

10 "DATA ADDR" is r ^ ° Ut PUt of the C J ° ATA 

dela ^a by t S e «"d set HIG „ th * ^nai 

s e ;„ a T le (corr — i" ^ e an eight da - «*. - s d c h is 

Similarly th* an 8 -inDut s hls 

" ™r =7 '■ :; ••»- ■". 

BO " — nt state ' of h " P * EV - Provi ded to >t 

-tension bit is ° the -tension bit r h ° r * the 

J-EOL'T on -to LEIu and i. t ^ V " U « °< ^ 

th e current ° h Lr °UT, thus veria PPing cloc* 

cloc * s.gnai pho Z 3lUe ° n next ri.7 * Ver ' 

-tension bit ino ^ the «— -ign 1 th ^ ° f the 

i"ch L£ PREV '"^ LE ™- The enables the 

The ^ve bi ts , * Phase " -tension bit 

3 ou t P ut, pius tne ° f the d *ta word output fro 
«*bi„. d with ' n ° n -i"^rte d „ Dr2 . P " frora the i^verti^ 

— ot J PreWOUS ^tension b t f ^ 

Nation "N ! «" •« of dig ^ whose 

= *' the aid - d " indi = a tes the logi ca , ' dM1 ' n - The 

daca *ord MO'-.-o: .. . 9 31 averse C f K ir 

' • • LSln ' ^°wn technioues J 
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Boolean algebra, it can be shown that the output signal SA 
fro™ this logic block (the output fro, NOR1, is high (a "i", 
only when the previous extension bit is a "0" (QPREV-o- ) and 
the data word at the output of the non-inverting Q latch (the 
original input word, LDIN has the structure "OOOOOlxx", that 
is, the five high-order bits MD[7]-MD[3] bits are all »o» and 
the bit MD[2] is a »i» and the bits in the Zero-one positions 
nave any arbitrary value. 

There are, thus, four possible data words (there are four 
permutations of "xx") that will cause SA and, therefore the 
output of the address signal latch LADDR to whose input SA is 
connected, to become HIGH. m other words, this stage 
Provides an activation signal ( DATA_ADDR = only Qne 

of the four possible proper tokens is presented and only when 
the previous extension bit was a zero, that is, the previous 
data word was the last word in the previous series of tok . n 
-ords, which neans that the current token word is the fi -« 
one in the current token. 

When the signal QPREV fron, latch LEPREV is LOW , the v aiue 
at the output of the latch LDIN is therefore the first word 
o a new token. The gates NAND1 , NAND2 and NORl decode the 
DATA token (OOOOOlxx). This address dec 

however, delayed in latch LADDR so that the signal DATA ADDR 
has the same timing as the output data OUT DATA and OUT EXTV 
Tig. 7 is anotner Slmple example Qf a stat 

Pipe ine stage in accordance with the present invention 
-h ch generates the signal LAST_OUT_EXTN to indicate the 
value of the previous output extension bit OUT EXTN . One of 
the two enabling signals (at the CK inputs, t"o the present 
and. last extension bit latches, LEOUT and L r 'S rv 
respectively, is derived fron the gate AND1 such that th~se 
-atches only load a new value for then, when the data is va- 
an= is being accepted (the Q outputs are HIGH frcn — 
cutout validation and acceptance latches LVOUT and : w 
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restively, . In this „, y< t 

bits and are not > oaded extension 
data that is not "valid r — oci «-«» — * 

Although this is an extremely single exaznple of a "state- 
dependent" pipeline stage, ie si „„ • «. - 
state of „„, Ce lt de Pends on the 

state of only a sinale hit- ; .. .• 

i . v single bit, lt is generally true that fl n 

latches holdina ?taf= "ue tnat all 

The generation and use of tofcono ■ 
Pipeline. . transfer througn a 

c«.n.. ■ "pr.s.nt.cion of cm,, 

a.rsTheer:;^!— 9 h of the isngth ° f a — 

t°*en) to b. processed ^ ° f ^ 

manipulative tr™ - .™^ if" 9 ^ 
by the token decoder c r ■ " " "«^«* 

Third, rules and h T " giVe " Pipeline s "* e - 

^nrecognl.ed :o.e ns d ^7." ^ ^ 

allow co^unication let een o PaSS1 " 9 ^ " »™ 0 ^^ 
that is not its „« 3 down «™.n 

its nearest neighbor in the pipeline. This 
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increases the expandability and efficient adaptability of t „. 
pipeline since it allows for future changes in the token set" 
without re qUlrl „ g i arge scale redesigning of easting 
pipeline stages. The tokens of the present . invention ar I 
particularly useful when used in conjunction with the tvo- 
wire interface that is described above and below 

As an example of the above. Figs. 3a and 3b, taken 
together (and referred to collectively below as Fig 3) 
depict a block diagram of a pipeline stage whose function is 
as follows. If the stage is processing a predetermined token 
(known ln this example as the DATA token), then it win 
duplicate every word in this token with the exception of the 
first one, which includes the address field of the DATA 
"k.n. If. on the other hand, the stage is processing any 
other kind of token, it will delete every word. The overall 
.<-.« is that, at the output, only DATA Tokens appear and 
each word within these tokens is repeated twice 

Many of the components of this illustrated system nay be 
tne same as those described in the much simpler structures . 
shown in Figs. 4. 6, and 7. This illustrates a sig n i ficant 
dv t More complicated pipeline ^ 

the a b eneflts Qf rlexibUity . lMt since I ' 

same two-Wire interf.ce may be used with little or no 
adaptation. 

The data duplication stage shown in Fig. 3 is merely one 
example of the endless number of different types of 
operations that a pipeline stage could perform in any given 
application. This "duplication stage" illustrates, however 
a stage that can form a "bottleneck", so that the pipeline 
according to. this embodiment will "pack together" 

A "bottleneck" can be any stage that either takes a 
relatively iong ci:ne tQ Derform it , ODerationS/ Qr ^ 

creates more data in the pipeline than it receives. This 
example also illustrates that the two-wire accept/val'd 



interface according to this embodiment can be adapted v er - 
easily to different applications. 

The duplication stage shown in Fig. 3 also has two latches 
L.IN and LEOUT that, as in the example shQ wn in Fig. s latch 
the state of the extension bit at the input and at the output 
of the stage, respectively. As Fig. Sa shows, the input 
extension latch LEIN is clocked synchronously with the incut 
data latch LDIN and the validation signal IN_ VALID. 

For ease of reference, the various latches included in the 
duplication stage are paired below with their respecti- 
output signals: 



In the duplication stage, the output from the data latch 
LDIN forms intermediate data referred to as MID_DATA. This 
intermediate data word is ioaded into the data output latch 
LDOU'T only when an intermediate acceptance signal (labeled 
"MID_ACCEPT" in Fig. 8a) is set HIGH. 

The portion of the circuitry shown in Fig. 8 below the 
acceptance latches LAIN, LAOUT, shows the circuits that are 
added to the basic pipeline structure to generate the various 
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"OT.OCPLICATE s lgnai ^ ^ \ ^ ^ • 
= <«.. When th . circui S " Sed to control dupli catlon of 

"".DUPLICATE Signal to g J es J;;; 6851 " 9 3 D *TA Token. the 
this ««— each voi in ^ /!" * " d * ^ ««. 

<** "o -re ti..., . When the Ji'! " ^ "* du P"«t.d once 
vlid DATA Token then the Z o UPT T * ^ P«««ing a 
10 HIGH state . According this ^ ^ iS ^* * 

«>« «. being Processed r e not m d e ;" S . that ™° **.„ ^ 
. AS ««■ 3a illustrates Z dUPUcat6d - 

intermediate data word and ' the ' l * bitS ° f ^ 

. ^ch tll form " d output signal Qn from 

= «*»».. The output si gnal £^ « N0Rl , 

51 • «-. ing weli- known aoolea n al * " MD18 is ^led 

th * -icn.1 S1 is a „ 0 „ ° lean -I9.br.. it can oe shown ^ 

the MID DATA ^ °" • 

"oooooxxx... tnat th . ; P v;; v ;:" fonowin * 

«D.OATAr 2J is . „ v . P £ ^ «" th. olt 

M»_DATA,o, positions « ^t. in tne MID_DATA f 1 j and 

therefore, acts as a ,, t . *" y arbi trary va i ue . si 

l ~ om, when the «o ^"""^ — -ich " s 
structure and the output" from the " ' 

^rther below. lts 0 "put QI1 is explained 

Latch loi perforns the fUBer • 
° f ^er m ediate extensU *' «« last value 

s ;*"*l 54,, and it loads n tl'u 6 d " MID -™" «d as 

!' Ci °^ P-.-. PHO into J e ^ 7 ^ e dge 

Eh « Wt qu and is one Qf th « iatch "1. whose output is 

io 9ic ^=up that forns si gna i S1 ^ t0 the to ^" -coding 
•*»v.. raay only drop to fl 1 - Sign.! S1 , as is exp , ained 

tne «i D _ DATA signal « th. signal Qn . s a ^ 

6termined "ructure,. signa- 
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SI may, therefore, only drop to a »0» whenever the last 
extension bit was "0", indicating that the previous token has 
ended. Therefore, the MID_DATA word is the first data word 
m a new token. 

The latches L02 and LI2 together with the NAND gates 
NAND20 and NAND2 2 form storage for the signal, DATA TOKEN 
In the normal situation, the signal QH at the input to 
NAND2 0 and the signal Si at the input to NAND 2 2 win both be 
at logic It can be snown> again by the tecnniques Qf 

Boolean algebra, that in this situation these NAND gates 
operate in the same manner as inverters, that is, the signal 
QI2 from the output of latch LI 2 is inverted in NAND20 and 
then this signal is inverted again by NAND2 2 to form the 
signal S2. m this case, since there are two logical 
inversions in this path, the signal S2 will ha ve the same 
value as QI2. 

It can also be seen that the signal DATA_TOKE.V at the 
output of latch LQ2 forms the input to latch LI2. As a 
result, as long as the situation remains in which both Q n 
and SI are HIGH, the signal DATA_TOKEN will retain its state 
(whether -o- or "1",. Tnis is true even tnough ^ 
signals PHO and PHI are clocking the latches (LI2 and L02 
respectively, . The value of DATA_TOKEN can only change when 
one or both of the signals qh and SI are "0". 

As explained earlier, the signal on will be "0" when th- 
previous extension bit was "0". Thus, it will be ^ 
whenever the MID_DATA value is the first word of a token 
(and, thus, includes the address field for the token) 
this situation, the signal Si may be either "0" or "1" As 
explained earlier, signal SI will be "0» if the MID_DATA word 
has the predetermined structure that in this exar.pl- 
indicates a "DATA- Token. If the MID_DATA word has any other 
structure, (indicating that the token is some other token 
not a DATA Token), si win be "1". 
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The N AND gate NAND2 2 will invert this ,„« ' 
Elaine*, and t he signai S2 wiu 

result, this "O" value will be loaded into latch L02 at the 
start of the next PHX clock phase and the DATA TOKEN g a 
-11 become »o», indicating that the circuitry is no 
processing a DATA token. 

If QI1 is "0" and SO is "O" t-h«.,.~u • ^. 

token th .n t- h ' thereby indicating a DATA 

token, then the signal S2 will be »1» . (regardless of the 

other input to NAND2 2 fron, the output of NAND2 0) . As a 
result, this "l" value will h. j • 

start of th ded lnt ° latch L ° 2 at the 

start of the next PHI clock phase and the DATA TOKEN signal 

a DATA^token ' ^ "» — - ^ —ling 

The NOT DUPLICATE signal (the output signal Q03 , .- , 

a ; hi I r ded into the iatch li3 - the — ri-in* U. 

r. I T The output signal 013 from the 

s coined w.th the output signal Q I2 in a gate NAND2 4 to 
for. the signal S3. As before. Boolean algebra can be used 

slTsoT ^ Si9naI 53 ^ 3 "°- °^ — 
signals Qi 2 and QI3 have the value "i" it • 

beco.es a »0", that is, the DATA TOKEN ."• , ^ °" 

tne signal S3 beco.es a -x- in other T " ' ^ 

other words, if there is nor 
• vana DATA TOKEN (QI2 . 0 , or tft . data £ 

duplicate (QI , = o). then the signal S3 goes high. 

Assume now. that the DATA TOKEN signal remains HIGH for 

qo , b ci r signai - since che n --°— ATE — 

(003) xs fed back" to the latch LI3 and win be inverted cy 
the gate NAND 24 (since its other input QI2 is he id Hll 
the output signal Q03 will toggle between . 0 » and -x» - 

a "0" iS and° ^ T ° ken ' ^ ^ °» ^ 

. and the signal S3 and the output Q03, will be fc — 
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HIGH until the DATE.TOKEN signage again goes tQ a 

The output Q03 (the NOT DUPLICATE sion*i» • ' 

— — - ™* rs. 1 : :: c :^ :::: 

.AX, m . series of logic gates (nandi6 P nee . h 

form an and 9ate) that have as ^1'/; : h 

As Fiq 8 th r i9nalS ^ b ° th v.Xu. 

As Fig. 8 a shows, the output from the AND gate (the Mt . 

HANOI, followed by the gate xkvx., also tor J the /^ta ce 
signal, IN.ACCEPT. which is used as descried above 
two-wire interface structure. 

The acceptance signal IN_ACCEPT is also used as an 
enabling signal to the latches LDIN, LEIN, and LVIN As a 
-suit, if the NOT_DQPLICATE signal is low, the acceptance 
.anal IN.ACCEPT will als.o be low, and all three of these 
atches will be disabled and will hold the values stored at 

^ el Du~ E ' The r a9e Wm ^ - — 

OT.DLPLICATE signal becomes HIGH. This is in addition -„ 

ttl a 7 UirementS deS « ibed for forcing the output , ron 

the acceptance latch LAIN high. 

As long as there is a valid DATA TOKEN (the DATA TOKEV 
signal Q02 is a "I'M «-w • , w «^_iuR t w 
HIGH and , ' S19 " al °° 3 Wil1 C °" le between the 

21 * / StateS ' S ° ^ in * Ut latC "- will ^ 

enable d will be able fco ^ ^ £ 

The a dd t COmPlete C/Cle ° f b ° th Cl ° Ck * h "« ««,. PHI 

t accept 1 ::" COnditi ° n that f0ll0Win ° S — be ™ 
to accept data, as indicated by a "HIGH" OUT_ACCEPT signal 

■ ' i::r** stm be satisfied - The 

OUT DATA f ' ' Same W ° rd °" t0 >«• 

f ° r " lea " full clock cycles. The OUT VALID 

s^nal will be a -x- . only when tnere is both . - > 

^TA_TOKEN ( Q02 HIGH, and the validation signal QVOL'T is 

n iGH . 



to mth : i9nal QEIN ' WhlCh iS the bit corresponding 

15 co "bined with the signal S3 in a series =f 
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logic gates (iNVio and NAND101 i-„ \ 

Presentation of . DATA ToZ I \ h & ^ " ' 

repeated by loadina it ^ MID - DATA -i" 

During t he first of th ™° ^ OUtPUt ^ LDOUT twice. 

to form outex™ at the " l0adSd ^ ^ ^ 

, ""TN at the same time as MID DATA i= t„ • 

LDOUT to form OUT_DATA C 7: 0j . lnt0 

LEOr^he" 6 f " St timS 3 9iV6n MI °- DATA iS lo.d.d into 
on T; aSSOC1 " ed OWEXT* will be forced high, wherJs 

on the second occasion, OUTEXTN will h . , h Wneraas ' 
signal Q E ™ Nrt „ tne same as =he 

...... ... ....... . . '~ .'..*•" — 

techniques it can h. «k 9 * n ° Wn Booiea " 

Q» ^ low (indicating that tl r 

signal SS is loaded * th " data is a duplicate). The 

- same time ° tat mid z:Trrr w iatch lvout « 

intermediate extension -° t AT ( A si ; ; 7 "»«T and the 

Si^al S5 is aiso co mb ined .ft, thJ l " l0 : ded ^ 

token signal) in the loci. . ^ °° 2 (the data 

M in we logic gates NAND30 and INV30 t-„ * 
output validarinn 1NV30 to form the 

vaiiaation signal OUT VALID. As ^»«, 

earlier, OUT VALID i <= utru , ~ mentioned 
— u ls HIGH only whpn »>,... ; 

and the validation «« , 15 3 Valid "^n 

validation signal QVOUT is high. 

I" the present invention, the MID ACCEPT jiB „ , 
combined with the signal S5 in . - ACCEPT Sit ? na l is 

( NAND2 6 and INV26, that , " ° f l0<?iC 9at6S 

- ^rm a i 6 " ^ W « 11 - kn — A "° <-«ion 

Signals to Vh , 15 ^ " ° f thS tW ° -"-"in, 

gnals to the latches LOl , L02 an d LO. . The signal S6 rises 



/ % 



to a "x.. when the MID _ ACC£pT signal is high ^ 

u:" da "°: :* n v ™ - - — th . tok . n is i 



(QI3 iS 3 "°" ) - " ^ "-ACCEPT is H H 

the latch.. LOLI.03 will, therefore. be enabled when the 

S19nal 13 hi9h WheneVer VaUd ^ is loaded 

^pUc.t. nPUt ^ StagS ' ° r Wh6n l3tChed • 

From the discussion above, one can see that the stage 
shown m Figs . 8a and 8b WU1 rece . ve ^^^^ J 

10 between stages under the control of the validation and 
acceptance signals, as in previous embodiments, with the 
exception that the output sianal fr «, 

LAIN *r th the acce Ptance latch 

LAIN at the input side is combined with the toggling 

1 5 e t; e c T n signai so that * — — win be outPUt 9 t 9 wl ;i 

1= before a new word will be accepted. 

cour^ T iOUS l09iC 9atSS SUCh " NAND16 and INV16 of 
course, be replaced by equivalent logic circuitry (in this 
=«.. * single AKO gate, . Sim ii arly , if ^ < 

20 io d T mPlS ' inV6rting ° UtpUtS ' ««• ^verters 

so d- Wm n " ^ «y- «"her. th . 

corresponding input to the gates NAND10 and NAND 12 can be 
tied directly to the inverting outputs of these latches As 

will operate in the same manner. Data words and extensiln 
2= bits will still be duplicated. extension 

ilWr."t h .°d Uld t n0t ' dUPliCati °" """"on that the 

irst data a" Perf ° rmS ^ Perf ° rm6d Unless 

first data word of the toKen has a "1" in tne third posicion 



of the word and -o'.- in the five high-order bits. ( of 
-0 course, the required pattern can easily be changed and 

selecting other logic gates and interconnections other than 
the MORI. NOR2, NND18 gates shown., 

in addition, as Fig. 8 shows, the OCJT_VALID signal will be 
forced low during the entire token unless the first data ,=rd 
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has the structure described above. This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted from the token stream, since a device 
connected to the output terminals ( OUTDATA , OUTEXTN and 
5 OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT , with 
the reset signal being propagated backwards to cause the 
10 upstream validation latch to be forced low on the next clock 
cycle. 

It should be noted that in the example shown in Fig. 8, 
e 3 the duplication of data contained in DATA tokens serves only 

)D as an example of the way in which circuitry may manipulate 

*g 15 the ACCEPT and VALID signals so that more data is leaving the 

yj pipeline stage than that which is arriving at the input. 

;j Similarly, the example in Fig. 8 removes all non-DATA tokens 

IjlJ purely as an illustration of the way in which circuitry may 

jL, manipulate the VALID signal to remove data from the stream. 

jlj 20 In most typical applications, however, a pipeline stage will 

p simply pass on any tokens that it does not recognize, 

unmodified, so that other stages further down the pipeline 
M= may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 
25 timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 
30 the stage and is duplicated. 



Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 



aspect of the present invention. 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
the input latches 34 is passed as a first input over line 3 5 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36. A second output from the token decode 3 3 
is passed over line 4 0 to an action identification unit 39. 
The action identification unit 39 also receives input from 
registers 43 and 44 over line 46. The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received. The 
output from the action identification unit 39 is passed over 
line 38 as a third input to the processing unit 36. The 
output from the processing unit 3 6 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42. 

Referring now to Figure 11, a Start Code Detector 
(SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the. first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 



The output from the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64. 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
over line 65 to an arithmetic logic unit (ALU) 66. A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 
is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 7 3 is passed over line 74 as a 
first input to an inverse modeller 75. A second output from 
the T/F 71 is passed over line 76 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 75 is 
passed over line 78 as an input to an inverse quantizer 79 
The output from the inverse quantizer 7 9 is passed over line 
80 as an input to an inverse zig-zag (IZ2) 81. The output 
from the 122 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 83 (shown in Fig. 11). As a first output from 
the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 
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data is passed over line 95 to a FIFO 96. The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
summer 98. The output from the address generator 94 is 
passed over line 99 as a first input to a DRAM interface 100. 
5 Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 

10 summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 

15 selector 106. The output from the output selector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork 111 receives 
input from the output selector 106 (shown in Figure 12) over 

20 line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114. 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 

25 a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

30 It will be apparent from the above descriptions 

that each line may comprise a plurality of lines, as 
necessary. 



Referring now to Figure 14a , in the MPEG standard 
a picture 131 is encoded as one or more slices 132. Each 
slice 132 is, in turn, comprised of a plurality of blocks 
133, and is encoded row-by-row, left-to-right in each row. 
As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.2 61 
standards, the Common Intermediate Format (CIF) is used, 
wherein a picture 141 is encoded as 6 rows each containing 2 
groups of blocks (GOBs) 14 2. Each GOB 14 2 is, in turn, 
composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
direction indicated by the arrow 144. The GOBs 142 are, in 
turn, processed row-by-row, left-to-right in each row; . 

Referring now to Figure 14c, it can be seen that, 
for both MPEG and CIF, the output of the encoder is in the 
form of a data stream 151. The decoder receives this data 
stream 151. The decoder can then reconstruct the image 
according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 3 3 
blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG . and 
certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H.261 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats . 

5 Referring now more particularly to Figure 16, there 

is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTURE_START token 162, first picture information of 

10 indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
P I CTURE_START token 166, second picture information of 
indeterminate length 167, and a second P I CTURE_ EN D token 168. 
The P I CTURE_ START tokens 162 and 166 indicate the start of 

15 the pictures 161 and 165 to the processor. Likewise, the 
PICTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

20 Referring to Figure 17, a split 171 receives input 

over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
25 received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 180 
as a first input to a summer 181. A second output from the 

30 split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 185 to a 



write signal generator 186. A first output from the write 
signal generator 186 is passed over line 187 to the DRAM 
interface 17 6. A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 17 6 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shown in Figure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 2 01 is 
passed over line 202 as a first input to a summer 203. A 
backward picture 204 is passed over line 205 as a second 
input to the summer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
x 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance ( Y) information from the original 16 
x 16 block of pixels. One chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 



value register 221 receives image data over a line 222. The 
line 222 is eight bits wide, allowing for parallel 
transmission of eight bits at a time. The output from the 
value register 221 is passed serially over line 223 to a 
5 decode register 224. A first output from the decode register 
224 is passed to a detector 225 over a line 226. The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an image which corresponds 

10 to a standard-independent start code of 23 "zero" values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

15 a second output from the decode register 224 is 

passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 

20 value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232. The line 232 is fifteen bits wide, allowing for 

25 parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 

30 235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236. The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 236 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to- 
tokens converter 2 34 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index-to-tokens converter 2 34 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21, a data stream 241 
consisting of individual bits 242 is input to a Start Code 
Detector (not shown in Figure 21) . A first start code image 
243 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 24 5, which 
overlaps the first data value image 244 at a length 24 6. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 2 54. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 2 57. The decode index 2 57 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number image is passed over a line 259, an insert 
image is passed over a line 260, and a replace image is 
passed over a line 261. The data from the flag generator 2 51 
is passed over a line 262a. A header generator 263 uses a 
look-up table to generate a replace image, which is passed 
over a line 2 62b. An extra word generator 2 64 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 
latches 2 65 pass data over a line 266. The line 2 66 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes an 
image as a first input to a first OR gate 2 67 over a line 
268. An insert image is passed over a line 269 as a second 
input to the first OR gate 267, The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 2 72 as a second input to the first AND 
gate 270 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 
output accept latch 275 is passed to an output accept 
register (not shown) over a line 276. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 
register is passed as a second input to the second OR gate 
277 over a line 279. The remove image is passed over a line 
280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 




an insert image is passed as a second input to the second AND 
gate 281 over a line 283. The output from the second AND 
gate 281 is passed over a line 284 to an input accept latch 
2 85. The output from the input accept latch 2 85 is passed 
over the first two-wire interface 254. 
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TABLE 600 

Format 
H.261 
MPEG 
JPEG 



1. 



Image Received 
SEQUENCE START 
PICTURE START 
(None) 



Tokens Generated 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 

2. H.261 (None) PICTURE END 

MPEG (None) PADDING 

JPEG (None) FLUSH 

10 STOP AFTER PICTURE 

As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection of 
an image by the Start Code Detector 51 generates a sequence 

15 of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column. Therefore, as shown in line 1 of 
Table 600, whenever a "sequence start" image is received 

2 0 during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 

2 5 control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 B6 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 



3 0 As shown in line 1 of Table 601 which shows the timing 

relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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10 



15 



2 0 



25 
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must be stored in nenory, the Cranes are transited xn a 
dxfferent order. It is useful to begin the analyse fron an 
intrafrane (I frane,. The :i frame is tra(l „ ltt . d - n 
order ie is to be displayed. The next predicted frame (P 
frame,, P4 . is then transmitted, then, any bi-directional > v 
interpolated frames (B frames, to be di sp i ayed bet ., een th . T f 
frame and P<. fran e are transmitted, represented by frames 1' 2 
and B3. This allows the transmitted B frames to reference a 
previous frame (forward prediction, or a future frane 
(backward prediction,. Aft er transmitting all the B frames 
to be displayed between the n frame and the P 4 frame, the 
next P frame. P7, ls transmitted. Next, all the B frames to 
be displayed between the P4 and P7 frames are transmitted 
corresponding to B5 and a*. Then, the next I frame, no, is 
transmitted. Finally, all the B frames to be displayed 
between the P7 and no frames are transmitted, corresoondL 
- frames B8 and B9 . This ordering of transmitted f- a ,es 
requires only two frames to be Kept in memory at any one 

klM ' dOSS n0t re< * ui " ^. decoder to wait for the 

transmission of the next P frame or I frame to display an 
interjacent B frame. . Y 

Further information regarding the structure and operation, 
« well as the features, objects and advantages, of the 
invention will become more readily apparent to one of 

T 11 ^ ^ ^ ^ ^ 6nSUi ^ Clonal 
detailed description of illustrative embodiment of the 

invention which, for purposes of clarity and convenience of 
explanation are grouped and set forth in the following 
sections: ' 

Multi-standard Configurations 
JPEG still Picture Decoding 
Motion Picture Decompression 
RAM Memory Map 
Bitstream Characteristics 



35 



6 . 

7 . 
3 . 
9 . 



^configurable Processing stage 
Multi-standard Coding 
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Start Code Detector 

10. Tokens 

11. DRAM Interface 

12. Prediction Filter 

13. Accessing Registers 
Microprocessor Interface (MPI) 
MPI Read Timing 

16. MPI write Timing 

17. Key Hole Address Locations 
13. Picture End 

19. Flushing Operation 
15 20. Flush Function 

21. Stop-After-Picture 

22. Multi-Standard Search Mode 

23. Inverse Modeler 

24. Inverse Quantizer 
Huffman Decoder and Parser 
Diverse Discrete Cosine Transformer 
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26 , 



27 . Buffer Manager 



1. NULTZ -STANDARD CONT I (JURATION 8 

Since the various compression standards, i.e., JPEG , 
MPEG and H.2 61, are well known, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
5 detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 

10 of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 

15 reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

2 0 In a first embodiment, in accordance with the present 

invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 

2 5 Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 

30 of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the DRAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 
5 Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 

10 subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide, an 
address decode network which handles the complex addressing 

15 needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 

2 0 which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 

25 interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 

30 Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, the inverse zig-zag 81 and the inverse 



DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12 , the standard- 
5 independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 

10 the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 

15 affected by the standard is the way the data is written into 
the DRAM in the case of H.261, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 

20 regarding when the pictures are intended to be displayed, and 
that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 

25 up-sampling filters and all of the gamma correction RAMs , is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 
30 recognize different start code patterns in the bitstream for 
each of the standards. ' For example, H.2 61 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, its operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 
affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.2 61, JPEG, MPEG and one other, where the parser enters a 
piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.261, one program is 
running, and when a different program is running, there is no 
overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64. Those two units 
cooperate together to perform the Huffman decoding. Here, 
the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 
of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 



and issues the correct command to the Huffman decoder at 
different times consistent with the standard in operation. 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards. In this regard, a 
CODING_STANDARD token is decoded and the inverse quantizer 7 9 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event, but 
before another CODING^ STANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse quantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.261, differs 
for each of the subsystems shown in Figure 12 and Figure 13 . 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 



A group of blocks is three rows of macroblocks high by eleven 
macroblocks wide. In the case of a CIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other. Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. In H.261, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
with the latter affect. That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.261. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 33 blocks (see 
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Figure 14c) group of blocks which is one macroblock high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG. 



circuitry is designed between an H.261 group of blocks and an 
HP EG slice. When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of. blocks is preceded by 

10 the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 3 3 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every 11th interval. When it counts to the 11th 

15 macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to 11, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 

2 0 present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 



a number of different tables and the circuitry selects the 
25 appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 
30 circuitry selects a, different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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There is a correspondence in the way that the 



In terms of multi-standard adaptability, there are 
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A set. • Note that there is a much 

set. ^n.MPEG set and a « apd the MPEG set. They 

grea ter overlap between th. H- » There is . 

are quite common in the tab! ^ ^ Qverlap 

-^"^-^ °— ::rris" a :: 

compression standard ^•^^ net member what 
ind ependent, and such ^ ^ of the units that 

COOIMC.STXNDXRD is "™ *™ r the compression standard as 
are standard ' 9 ^ m by them. When information 

th e CODING_STANDARD token - attributed 
encoded/decoded in a first c 9 standards , 
through the machine, and • " eh control woulG normally 
prior machines under -""^/^ the „. 261 compression 
choose to perform in *<"°*«™ , generat es signals 

standard. The MPU m such P""" , within the machine that 
stating in multiple dxfferen p ^ changes 

- compression way flush the pipeline 

, at different times and, in a 

through. . w „ tion b y issuing a change of 

In accordance with the invent ion, ^ ^ 

CODINC.STANOARD tokens at the e> this chang e of 

positioned as the first unitin the P P ^ ^ g 

5 compression standard ^ and that control 

certain coding standard is 9 confi gures all the 

information flows down the The HPU need not 
other registers at the appropriate 

program each register. form predictions 

The prediction token signals ho on which 

' using the bits in the J cuizr , translates 

COBpr ...ion standard is ^^J^ mMA . i.e. from the 
tne information that is found in th proc essing is 

oitstream into a prediction node token. 
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wh rTit xs dSCO — d — «.t. machine, 

" 15 SaSy t0 -nipulate bits based on certain 
condxtxons. The Start Code ^^J*' " 

: r, ;;" 10n n ° de C ° ken - The toK.„ then flows do wn the 

to the cxrcuxtry of the Temporal Decoder, „ hich is the device e 

responsible for forming predictions. The circuitry of 

ZT'l T°r r intSrPretS the t0ke " "^hout having to ^ 
-hat standard it xs operating in because the bits in it are 
invariant in the three different standards. The Spatial 
Decoder just does what it is told in response to that tolc.n 
By havxng these tokens and using then, appropriately, the 
design of other units in the machine is simplified. Although 
there may be some complications in the program, benefits ar» 
recexved in that some of the hard wired logic which would be" 
difficult to design for multi-standards can be used here. 

2 . JPEG STILL PICTURE DECODING 

As previously indicated, the present invention r.-a-s 
to sxgnal decompression and, more particularly, to t7e 
decompression of an encoded video signal, irrespective of the 
compression standard employed. 

One aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder, to decode a first 
encoded signal (the JPEG encoded video signal) combination 
with a second decoder circuit (the Temporal Decoder) to 
decode a first encoded signal (the MPEG or H.261 encoded 
video sxgnal) in a pi pe ii ne processing system The 
Decoder is not needed for JPEG decoding. 

in this regard, the invention facilitates the 
decompression of a plurality of differently, encoded signals 
through the use of a si „ n ,„ 

. • 1 a single pxpelxne decoder and 

decompression system. The decoding and decompression 
pxpelxne processor is organized .on a unique and special 
confxguration which allows the handling of the mu Iti -stand* r , 



h oie -/ith the single pipeline decoder and nrnr 
system. tHp c- at -- , r ana Processing 

display. Formatter ls used in dri , /ing a ^ 

Another aspect of the invention is the use of _ 
0mblnatl ° n ° f thS S ^ atial 0-cod.r and the Video F orn,.tt« 

n°:e D USe d With ° nly StiU PiC — ™« compression ;il da ; 
independent Spatial Decoder perform all of the data 
Processing within, the boundaries of a single picture Such 
• -Oder handles the spatial decompression of the interna 

standard independent address ge^ra^ LcT^ f or", 
t torage and retrieval of information into the « r ' 

cutes, each decompressed picture at = 
the Spatial Decoder is „ f Picture at the output of 

fx uecoder is of the same length in bits by the tin. 
the picture T-ear-h^*. «-w y ne time 

sec . rea =hes the output of the Spatial Decoder A 

second sequence of pictures may have 



Picture size an H „ " " totaU y different 

compared ^ 2 \;r fi ;rT eng h r v— — — 

■ by the time such pictures reach ""' ^ 

Decoder. the ° Utput of tne Spatial 

theTco" aSPe " ° f ^ inV6ntl0n iS t0 int.rn.lly organic 
the incoming standard dependent hirc^ 

control tokens and data Is 3 """"^ °' 

Plurality of tokens. in combination with a 

Processing st ges ^ZZT^'^ 0 ^ 

standard I h seie cted and organized to act as a 

standard-independent, reconf ig U rable-pi pe i ine _ processor . 



With regard to JPEG decoding, a single Spatial Decoder 
with no off chip DRAM can rapidly decode baseline j PEG 
^ages. The Spatial Decoder supports all features of 
baseline JPEG encodin<? standards . However< ^ ^ 

that can be decoded may be limited by the size of the output 
buffer provided. The Spatial Decoder circuit also includes 
a random access memory circuit, having machine-dependent 
standard independent address generation circuits for handling 
the storage of information into the memories. 

As previously. indicated the Temporal Decoder is not 
required to decode JPEG-encoded video. Accordingly, signals 
carried by DATA tokens pass directly through the Temporal 
Decoder without further processing when the Temporal Decoder 
is configured for a JPEG operation. 

Another aspect of the present invention is to provide in 
the Spatial Decoder a pair of memory circuits, such as buffer 
memory circuits, for operating in combination with th- 
Huffman decoder/ video demultiplexer circuit (HD & VDM) a 
first buffer memory is positioned before the HD * VDM, and a 
second buffer memory is positioned after the HD * VDM The 
HD & vdm decodes the bitstream from the binary ones and zeros 
that are xn the standard encoded bitstream and turns such 
stream into numbers that are used downstream. The advantage 
of the two buffer system is for implementing a multi-standard 
decompression system. These two buffers, in combination with 
the identified implementation of the Huffman decoder are 
described hereinafter in greater detail. 

A still further aspect of the present multi-standard 
decompression circuit is the combination of a start Code 
Detector circuit positioned upstream of the first forward 
buffer operating in combination with the Huffman decoder. 
One advantage of this combination is increased flexibility i., 
paling with the input bitstream, particularly padding, which 
"« to be added to the bitstream. The placement of these 
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identified components, start Code Detector 

-d Huffman decoder " enhances the h^T"^"""' 
sequences in the input blts trea ra . ^ °* 

The coding standards identify all of the standard 
dependent t ypes of information that is necessary for storage 

st n anda e rd D T aSS ° Clated ^ ^ - 
standard independent circuitry. 

3- MOTION PICTURE DECOMPRESSION 

dec ^ th V reSSnt inv -tion, if mo tion pictures are being 
decompressed through the steps of decoding, . f urth J 
1= Temporal Decoder is ne«s«rv tv. „ ner 
•he d.r, h , , ne «ssary. The Temporal Decoder combines 
.he data decoded in the Spatial Decoder with pictures 
pr.vxou.iy decoded, that are intended for display either 
^ore or after the picture being currently d .cod. d . The 
» ^Z1~Z ™: f - - ~ datastream" 

^ TempirLco::; 5 . 

, ocare . . . " ay as to ^code the information 

'5 i : P1CtU " With the — ently being 

■> decoded and ending with a resultant picture that is complete 

and is suitable for transmission to the video formatter for 

driving the display screen i„ «. ■ , 

Dicture can h P y Screen - Alternatively, the resultant 
Picture can be stored for subsequent use in temporal decoding 
of subsequent pictures. 9 

0 be-we!n nerally ' ^ TemP * ral °' COd ' r P ~ f °™ S ^ Pressing 
I 6 P1 " UreS either and/or later in time with 

reference to the picture currently being decoded. The 
-enporal Decoder reintroduces information that is not encoded 
-ithin the coded representation of the picture, because 
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" " ready avaiiabie at <*• d — • 

«nu : sL:: r is in p ; 0 obabie that any -in 
su rr3undln ; L th tir as piccures e "p«»n>- 

5 be made greater if aCter - ThlS ^-ll-rity can 

, ! compensation is applied. The 

Temporal Decoder and decompression cir=uit also P h * 

redundancy between related pictures. 

Decoder an ° ther aSPS " ° f PrSSent inVent ^ Temporal 

Decoder is employed for handling the standard-dependent 

' d 0 ::^ lnf ° rmati0n <"» th - ^"^1 Oecoder. This standard 
Lena lnf r rmati0 " f ° r 3 Pi«ure is distributed 

among several areas of DRAM in the sense that the 
decompressed output information, processed by the Spatial 

15 acceT' " St ° red " ° ther DRAM re?iSterS by ° th ~ 

ccess memories. having still other machine-dependent 

standard-independent address generation circuits f or 

combining one picture of spatially decoded information, packet 

dx„l' P "V ^ d6COded Pi " Ure - f -« i -- temporally 
Picture rSlatlVe " temPOral P ° Sit - - th. first 

in multi-standard circuits capable of decoding MPEG- 
encoded signals, larger logic DRAM buffers may be reguired to 
support the larger picture formats possible with MPEG 

The picture information is moving through thfi 
Pipeline in 8 pel bv a n«»i m u serial 
. P y pel blocks. m one form of th. 
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A " une rorm of the 

ocKs " addreSS dSCOding — e pel 

The add 9 and retrieVi ^' al °"* block boundaries. 

The address decoding circuitry aiso handles the. storing and 
retrieving of such 8 by 3 pel blocks across such boundaries 
This versatility is more completely described hereinafter ' 

oassJ ,T° nd TemP ° ral Decod « «*Y -Iso be provided which 
Passes the output of the first decoder circuit (the Spatial 
Decoder) directly to the Video Formatter for handling without 
signal processing delay. 
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data f ^ T H emp0ral DeC ° der also orders the blocks of picture 
data for display by a display circuit The „h picture 
circuit-y describe h The address decode 

reordering " Rafter, proves handling of this 

As previously mentioned, one important feature of ^he 
Temporal Decoder i. to add picture information together fro. 

tMn t C H 10n ° f Pi " UreS WhlCh or later 

than the picture under processing. Wnen , picture 

descrxbed in this context, it may mean any one of the 

rol lowing : 

1. The coded data representation of the picture; 

2. The result, i.e., the final decoded picture 
resulting from the addition of a process step 
performed by the decoder; 

3- Previously decoded pictures read from the DRAM; and 
The result of the spatial decoding, i.e., the extent 
of data between a PICTURE_START token and a 
subsequent PICTURE_END token. 

After the picture data information is processed by the 
Temporal Decoder, it is either displayed or written back into 
a Picture memory location. This information is then kept for 

coTd H ! SferenCe t0 be US6d in Pressing another different 
coded data picture. 

Re-ordering of the MPEG encoded pictures for visual 
display involves the possibility that a desired scrambled 
Picture can be achieved by varying the re-ordering feature o* 
the Temporal Decoder. 

4 • RAM MEMORY MAP 

_ The spatial Decoder, Temporal Decoder and Video 
-matter all use external DRAM . Preferably, the same DRAM 
is used for all three devices. While all three devices use 
DRAM, and all three devices use a DRAM interface i„ 
conjunction with an address generator, what each implement. 




in DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser. 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 
two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I), 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. ' One picture is from the future and one 
from the past. I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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Pictu*. -buffers for later use in decoding P and B pictur „ 
^coding P pictures requires f predictions P ^ 

pr.viou.ly decoded P or X picture. The decoded P pie,'": , 
=-ored in a picture buffer for use decoding P and B pictures 
B Pictures can require predictions form both of the P iclu r - 
suffers. However. B pictures are not stored in th . 

Note that I and P pictures are not output fron the 
Temporal Decoder as they are decoded. Inst ead. i 
Pictures are written into one of the picture buffers, and a ^ e 
read out only when a subsequent I or P picture arrives for 
decoding. In other words, the Temporal Decoder relies on 
subsequent P or X pictures to flush previous pictures out of 
Che two picture buffers, as further discussed hereinafter in 
the section on flushing. m brief, the Spatial Decoder can 
Provide a fa.ce I or P picture at the end of a video sequence 
co flush out the last P or X picture. m turn, this f .>. 
Picture is flushed when a subsequent video sequence starts 

The peak memory band width load occurs when decoding B 
pictures. The worst case is th. r * 9 8 

prediction f B frame may be for ™d from 

predictions fron, both the picture buffers, with aH 
predictions being made to h.Xf-pix.l accuracy. 

As previousxy described, the Temporal Decoder can be 
configured to provide mpec picture reordering. Mlth th i s 

u p ;:!rt e h reorderin9 ' the output ° f p and 1 is 

decod Tl " ' " 1 PiCtUCe ^ the data "" am «•«. to be 
decoded by the Temporal Decoder. 

stored, P ° r 1 Pi " UreS a " reorde "d, '"Cain tokens are 
scored temporarily on chip as the picture is written into the 
Picture buffers. When the picture is read out for display, 
th... stored tokens are retrieved. At the output of the 
^enporal Decoder, the DATA Tokens of the newly decoded P or 
I Picture are replaced with DATA Tokens for the older P or I 
picture. 



predictions with i„t e „„ Ks ' and forming 

" lnteae r accuracy motion vectors 

I" brief, the Video Formatter stores three framM 

Pictures. Three pictures need to be stored to a ^ 

such featurpc « stored to accommodate 

features as repeating or skipping pictures. 

5 - BITSTREAM CHARACTERISTICS 

c» ar « terl „ 1C! , mus r t ™* ,r, "««•"•» •• «... 

it uses to code the pictures of " °' ^ 

bits can vary by a W i'! . P1CtUre - The number of 

th.t the length of a b ? ts r 91n - S "« ci "«"y. t hl . means 
Picture of a P ctu re 7!"^ " * -ferenced 

long. ano ther ^ * ld """" » one unit 

«ilX • third Picture £ °' T'" ^ 

None ort-h. faction of that unit. 

-«n. ^oTen^ni~ V ™' 
^en the next picture starts th e lmPllCati ° n ^ 
Additiona ily , th . standa ; d S s ^ one has finished. 

incomplete pictures to be generated b "^ ClflMU » aii ~ 
Tn generated by the encoder, 

in accordance with 

- Vi ded a way of indi :L:; z**:;; 0 ;~ n - there is 

°f it. tokens: PICTURE ' ND T h ^ 
<«" leaving the Start Code o.t.«o r " """" 

"TCina vic h a PICTUPS START token T"" °' 

_ ^.oken and ending with a 
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PICTURE_END token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and second picture) , but it is known that the first picture 
has finished. 

The data stream at the output of the Spatial Decoder 
consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture-end may vary. 

The Video Formatter takes these pictures of non-uniform 
time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world, e.g. PAL-NTSC 
television standards. This is accomplished by selectively 
dropping or repeating pictures in a manner which is unique. 
Ordinary "frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the Video Formatter 
can handle a variable input picture rate. 

6. RECOKFIGURABLB PROCESSING STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 3 3 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 36 
over the two-wire interface 37 and an action identification 
circuit 39. The processing unit 36 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 36 connects such completed 
signals to the output, two-wire interface bus 40 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 33 over the two-wire 
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interface bus 4 0 and/ or from memory circuits 4 3 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 3 3 are applied simultaneously to the action 
identification circuit 39 and the processing unit 36. The 
action identification function as well as the RPS is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure 10 
illustrates those stages shown in Figures 11, 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 3 6 and onto the two-wire interface circuit 4 2 through 
the output latches 41. If the Control Token is recognized by 
the RPS , it is decoded in the token decode circuit 3 3 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
4 2 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038.8. 

In the present invention, the token decode circuit 33 is 
employed for identifying whether the token presently entering 
through the two-wire interface 4 2 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same time, the token decode circuit 33 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed. 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 

3 9 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 
this way, the action identification circuit 39 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 36 which is under 
the control of the action identification circuit 39 is now 
ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 

4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

In the present invention, the action identification 
circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 
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Such registers can be either on-chip or-off chip as needed. 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
action information has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 40 is going straight from the token decode 33 to 
the action identification block 39, This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 4 3 and 44, the current token under 
processing, and the state and history information that the 
action identification unit 39 has itself acquired. A 
distinction is thereby shown between Control tokens and DATA 
tokens . 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 
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formed into a token c.Dph S/ get 

information is vi puph present - This 

0 current staoe nave th. benefit or °' ^ 
-spend to them. This is an i»po« " t r 

=an be communication between biccls tha I'"""' """^ ^ 

one anorho^ D i°cks that are not adjacent to 

one another using the token mechanism. 

Another important feature of the m^' 

tne invention is that each of 
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the stages of circuitry has the processing capability within 
it to be able to perform the necessary operations for each of 
the standards, and the control, as to which operations are to 
be performed at a given time, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a COD ING_ST AND ARD token. In 
othervords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program. This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

The inverse quantizer 79 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K- Another flag tells the inverse quantizer 
whether to add another constant. The inverse quantizer 
remembers in a register the COD I NG_ STANDARD token as it flows 
by the quantizer. When DATA tokens pass thereafter, the 
5 inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a. particular compression 

10 standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards. Which 

15 tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 

2 0 which says what coding it is performing. Rather, it is the 

combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
25 to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard. The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 

3 0 through and counts the. macroblocks in the system, one after 

the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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7. MtttJl-STANDARD CODING 

==. bl L h : io s :T t ; e f t pr ^^^ also provides 
— s , ^;i e st r; a r e ;- nd r ndent indices ~- 

5 -y«« xn co mbinaClon w ";" t ' h . t / PlaC6d 

•xwpl., the sv Stem t0kSn deC ° de Circuit,. For 

standards specify sinilar proc ".^ r " eo »P«"i°n coding 
° .«iv lng - data , but the st /; c ° t : e r S e Se o S f - - ^n. on the 

lff — AS P«viou.i y discussed ^ data ~ is 
functions of the Start Code Det ector * " iS ° ne ° f the 
codes, H . 261 start-codes, and J PEG " ^ 
them an into a form ' JPEG " lark « codes, and convert 

— stre ara eddying' the ™^ ^« — inches a 

control tokens are passed through the pw7 ^ 
are used, i.e., decoded in _ 9 6 pi P elin * processor, and 
are relevant, and are Passed * maChines c ° which they 

— Che tokens are ^TlJ^T*^ ™* «- " 
Tokens are treated in the same f .", hion ^ ^ 
Processed on iy in the state ^J^^' « they are 
ihe "ntrol tokens into process " ? , by 
re.a,ning state machines they pass t = h ^ T ° k6nS - ln ^ 

More specifically' 1 . OU<?h changed, 

present invention can T ^ ^ ««'-«c. with 

«>• -Ken. In that lase a b t T' °' " 0 " ^ in 

set specifying the use of add , " ^ e * tensi °" bit is 

=-rying ^^1^°^^ * ^ ^ <" 
control bits conta i n indices indica "^ " ° f f th6Se ""tion.l 
- corresponding sute maC hines to create ^ 
-•"dependent indices signals The 3 ° f Standard " 

t3ken are used to indicate .nl^T^ P ° rti ° nS ° f the 
Processing control function which is ^ int,rnal 

-tastrea^s passing through th T,^™"*"* °< ^ 

Pipeline processor. in one 



form of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 3 9 
5 of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 
10 More specifically, an MPEG start code and a JPEG marker 

are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context, the Start Code 
Detector 51, by detecting either an MPEG start-code or a JPEG 
marker, indicates that the following 8 bits contain the value 
□ 15 associated with the start-code. Independently, it can then 

*g create a signal which indicates that it is either an MPEG 

y start code or a JPEG marker and not an H.261 start code. In 

5 this first instance, the 8 bit value is entered into a decode 

N circuit, part of which creates a signal indicating the index 

2 0 and flag which is used within the current circuit for 
p handling the tokens passing through the circuit. This is 
Ji: also used to insert portions of the control token which will 
i~L be looked at thereafter to determine which standard is being 
O handled. In this sense, the control token contains a portion 

25 indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 

3 0 various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 




applied to an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to identify the 
picture-start of a picture number as indicated by the value. 

The system also includes a multi-stage parallel 
processing pipeline operating under the principles of the 
two-wire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 3 3 is employed to direct 
the token presently entering the state machine into the 
action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 
token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H. 2 61, while a previous stage can be operating under a 
separate standard, such as MPEG . The same two-wire interface 
is used for carrying both the control tokens and the DATA 
Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
stages. More specifically, the PICTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 
machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PICTURE_END token. This PICTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

0. MULTI-STANDARD PROCESSING CIRCUIT - SECOND 
MODE OF OPERATION 

A compression standard-dependent circuit, in the form of 
the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus. The standard-independent 
circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard-independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 
multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9, START-CODE DETECTOR 

As previously indicated the Start Code Detector, in 
accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 
decoding is achieved, the MPEG (1 and 2) picture_start_code , 
the H.261 picture_start_code and the JPEG start_of_scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal P I CTURE_ST ART token. In a 
similar way, the MPEG sequence_start_code and the JPEG SOI 
(start__of_image) marker both generate a machine 
sequence_start_token. The H.2 61 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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in r Wfin .. to tne first h . 2 6 1 picture start code will 

generate a sequence_start token. ' ~ 

o^e/T ° e ab ° Ve dSSCribed are directly. used 

ot er than ln the SCO. Rather, a machine PICTURE START 

rcL ™ has been deemed c ° - - - 

PICTU.RE_START images contained in tn . bic s 
Furthermore, it must be borne in mind that the machine 
PICTURE_START by itself, is not a direct image of the 
PICTURE.START in the standard. Rather, it is a control token 
wh iC h is used in combination with other control tokens to 
provide standard-independent decoding which emulates the 
operation of the images in each of the compression coding 
standards. The combination of control tokens in combination 
-ith the reconfiguration of circuits, in accordance with the 
information carried by control tokens, is unique in and of 
tself , as well as in further combination with indices and/or 
flags generated by the token decode circuit portion of . 
respective state machine. A typical reconf igurable «. t . 
nachine -ill be described subsequently. 

Referring again to Table 600, there are shown the names 
of a group of standard images in the left column. m the 
right column there are shown the machine dependent control 
to ens used in the emulation of the standard encoded signa 
which is present or not used in the standard image. 

With reference to Table 600, it can be seen that a 
machine seauence_start signal is generated by the Start Code 
Detector as previously described, when it decodes any one of 
the standard .signals indicated in Table 600. The Start Code 
Detector creates sequence_start , grou P _start, sequence end, 
slice_start, user-data, extra-data and PICTURE START tokens 
appliCation to "»•" two-wire interface which is used 
throughout the system. Each of the stages which operate i„ 
conjunction with these control tokens are configured by — 
contents of the tokens, or are configured by indices crear-i 
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by "frttfht, of che tokens< and are prepared to handie 

which is expected to be received when the picture DATA Token 
arrives at that station. 

As previously described, one of the compression 
standards, such as H.261, does not have a sequence_start 
image in its data stream, nor does it have a PICTURE_EV D 
image in its data stream. The Start Code Detector indicates 
the PICTURE^ END point in the incoming bit stream and creates 
a PICTURE_END token. m this regard, the system of the 
present invention is intended to carry data words that ar* 
fully packed to contain a bit of information in each of the 
register positions selected for use in the practice of the 
present invention. To this end, 15 bits have been selected 
as the number of bits which are passed between two start 
codes. Of course, it will be appreciated by one of ordinary 
skill in the art, that a selection can be made to include 
either greater or fewer than 15 bits. m other words, all 15 
bits of a data word being passed from the Start Code Detector 
into the DRAM interface are. required for proper operation, 
accordingly, the start Code Detector creates extra bits 
called padding, which it inserts into the last word of a DATA 
Token. For purposes of illustration 15 data bits has been 
selected. 

To perform the Padding operation, in accordance with the 
present invention, binary 0 followed by a number of binary 
l's are automatically inserted to complete the is bit data 
word. This data is then passed through the coded data buffer 
and presented to the Huffman decoder, which removes the 
padding. Thus, an arbitrary number of bits can be passe- 
through a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
to identify a slice of the picture. A slice_start control 
token is employed to segment the picture into smaller 
regions. The size of the region is chosen by the encoder. 
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and t*, 5 t.rt Code Detector identifies thxs unique pattern of 
the slice_start code in order for the machine-dependent state 
stages, located downstream from the Start Code Detector - 
segment the picture being received into smaller regions ' Th "e 
size of the region is chosen by the encoder, recognized by 
the Start Code Detector and used by the recombination 
circuitry and control tokens to decompress the encoded 
picture. The s 1 ice_start_codes are principally used f= r 
error recovery . 

The start codes provide a unique method of starting up 
the decoder, and this win subsequently be described in 
further detail. There are a number of advantages in placing 
the Start Code Detector before the coded data buffer as 
oppo-sed to placing the Start Code Detector after the coded 
data buffer and before the Huffman decoder and video 
denultiplexor. Locating the Start Code Detector before -he 
first buffer allows it to 1, assemble the tokens, 2, decode 
the standard control signals, such as start codes, 3) pad the 
bitstream before the data goes into the buffer, and 4, create 
the proper sequence of control tokens to empty the buffers 
pushing the available data from the buffers into the Huffman 
Decoder . 

Most of the control token output by the Start Code 
Detector directly reflect syntactic elements of the various 
Picture and video coding standards. The Start Code Detector 
converts the syntactic elements into control tokens m 
addition to these natural tokens, some unique and/or machine- 
dependent tokens are generated. The unique tokens include 
those tokens which have been specifically designed for use 
-■ich the system of the present invention which are unique in 
and of themselves, and are employed for aiding in the multi- 
standard nature of the present invention. Examples of such 
umque tokens include PICTUR E_END and CODING_STANDARD . 

Tokens are also introduced to remove some of the 
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is hereinafter called a st »rf ;„ "'nicn 
15 code A sinilar f \ ™ Standa ^-dependent 

These start 71, JPEG ' * 

These start/marker codes identify significant parts of the 

syntax of the coded datastrea*. The analysis of start/. rke ! 
codes perform by the Start Code Detector is the f ir s - aa 
in parsing the coded data. * ge 
0 The start/marker code nattom. . 

/ <-an °e used, m accordance with i-h- 
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standard-dependent coded d*r= -.w 

Code Detector. ^ refe "nce to the start 
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ysuem of the present invention, 



where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream. A separate set of index signals, 
including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
dependent control signals to emulate the handling of the 
standard data and non-data signals. For example, the 
slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 2 4 
cycles, the 24 bit register is full. 
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Every 8 cycles, the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register. The value decode shift register 2 30 is 
still empty. 

Assuming that there is now a P I eTURE_ST ART word in the 
2 4 bit shift register, the detect cycle recognizes the 
P I CTURE_ST ART code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 230 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the P I CTURE_ST ART . The Spatial Decoder equivalent to the 
standard PICTURE_START signal is referred to as the SD 
PICTURE_START signal. The SD P I CTURE_ST ART signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header . 

10. . TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM INTERFACE 

5 A single high performance, configurable DRAM interface 

is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 

10 drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 
In accordance with the present invention, the interface is 

15 configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2. The width of the data interface to the DRAM can 

2 0 be configured to provide a cost/performance trade 

off for different applications. 
In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
25 video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 

3 0 connects the chip to an external DRAM. External DRAM is used 

because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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standard-xndep.nd.nt. it still must be configure to 

-PI — "t each of the multiple standards, „. 261 . JPEG and 
How the DRAM interface is reconfigured for -.ulti- 
stanoard operation win be subsequently further described 
herein. 

Accordingly, to understand the operation of the DRAM 
interface requires an understanding of che relationship 
between the DRAM interface and the address generator, and how 
the two communicate using the two wire interface 

m general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order -o 
address the DRAM (e.g., to read- from or to write 
particular address in DRAM) . with a two-wire interface 
reading and writing only occurs when the DRAM interface has 

va°ii d da HH (fr ° m PrSCeding Stages in «» Pipeline,, and a 
<alid address (from address generator,. The use of a 
separate address generator simplifies the constructor - 
both the address generator and the DRAM interface, „ 
discussed further below. 

in the present invention, the DRAM interface can operat- 
ion, a clock which is asynchronous to both the address" 
generator and to the clocks of the stages through which data 
is passed. special techniques have been used to handle this 
asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the onlv 
exception being prediction data in the Temporal Decoder,' 
Transfers take place by means of a device known as a "swing 
This is essentially a pair of RAMs operated in a 
-uble-buffered configuration, with the DRAM interface 
filing or emptying one RAM while another part of the ch<p 
enpti.s or fills the other RAM . A separate bus which carries 
an address from an address generator is associated with eacr. 



swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM. In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM , 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
(Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 
the address generator 301 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request/ acknowledge (REQ/ACK) protocol . 

A unique feature of the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 3 01 and with the stages that provide or accept the 
5 data. For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24), but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 

10 buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 3 01. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 

15 completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 

2 0 properly configured system, the DRAM interface will be able 

to transfer data between the swing buffers and the external 
DRAM 303 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 3 02 determines which swing buffer it 
25 will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others) . In both cases, an 

3 0 additional request will cdme from a refresh request generator 

which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 



diagram of a write swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
5 the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 

10 operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 

15 of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 

2 0 asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 

2 5 or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 

30 interface, to indicate that RAMI 311 is' now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
5 multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 

10 described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 

15 retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 

2 0 being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 

25 address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 

30 immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of. (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator makes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/stop" 
5 technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 

10 the three LSBs of the address, the y value the three MSB. 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 

15 incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9, 10, 11, 

20 12, 13, 14, 15, 17..., 23, 25, ...,31, 3 3 57 6 3 
is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

2 5 The next issue is where this data should be written. 

Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 

30 address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB . In this case, 
while the ORAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero- The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 
interface. In the case of a 16 or 3 2 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half-pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x jnd y) ; and 

a two bit number to indicate the order of the blocks. 
The last byte flag can be generated as the data is r-ad 
out of the swing buffer. The other signals are derived f-om 
the address generator and are. piped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
external DRAM in blocks, but is read out in raster order. 
Writing is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least. 8 blocks of data fit into a single 
page. These 8 blocks are 8 consecutive horizontal blocks. 
When rasterizing, 3 bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e., 
the same row in each of the 8 blocks) . 

Considering the top row ( and assuming a byte-wide 
interface), the x address (the three LSBS) is set to zero, as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point, 
the top part of the address (bit 6 and above - LSB = bit 0)' 
is incremented and the x address (3 LSBS ) is reset to zero. 
This process is repeated until 64 bytes have been read, with 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively, 
instead of by one. 

In the present invention, the address generator can 
signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This is achieved by using start and stop values. The start 
value is used for the top part of the address (bit 5 ar.i 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
15 length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
state information from the DRAM interface. The pulse 
20 generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
2 5 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 
30 particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 



136 



detail in Figure 17. The essence of the structure of the 
prediction filter is shorn in Figures 18 and 28. A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
5 Invention." 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.2 61 modes, but 
not in the JPEG mode. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 

10 Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18 , in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 

15 the H.261 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 

2 0 is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate . After 

2 5 the necessary transposition is performed by a dimension 

buffer stage 333 , an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subseguently . Which 
filtering operations are required, are defined by the 

3 0 compression standard. In the case of H.2 61, the actual 

filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 



to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSING REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14. MICRO-PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface. The character of the signal is 
shorn on the input/ output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MP I 
5 electrical specification are shown with reference to Table 
A. 6. 2. All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 
10 are shown in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
^ with reference to Table A. 6. 2. The DC electrical 

Q characteristics are shown with reference to Table A. 6. 4 and 

^5 15 carry the same column headings as depicted in Tables A. 6. 2 

J and A.6. 3 . 

/j 15. HP I READ TIMING 

The AC characteristics of the MPI read timing diagrams 
^ are shown with reference to Figure 54. Each line of the 

3 2 0 Figure is labelled with a corresponding signal name and the 

2 timing is given in nano-seconds . The full microprocessor 

i interface read timing characteristics are shown with 

reference to Table A. 6.5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
25 that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
30 signals. 



16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 



139 



are shown with reference to Figure 54. This Figure shows 
each individual signal name as associated with the HP I 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
reference to Table 6.6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A Keyhole register has two registers 
associated with it. The first register is a keyhole 
address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 
the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 
the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes. 

18, PICTURE-END 

Referring again to Figure 11, there is shown a 
general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of PICTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 
MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described* Each of the functional blocks is arranged to 
operate according to the state machine configuration shown 
with reference to Figure 10. 

In general, the PICTURE_END function in accordance with 
the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The P I CTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in- the DRAM interface. 
Recall, that the contents of a swing buffer are only 
written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The P I CTURE_ EN D 
token forces the data out of the swing buffer. 

Since the present invention is a multi-standard machine, 
the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 
the total available action cycles can be selected by a 
combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 
going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 
PICTURE_END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexer circuit. 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demulti^lexor, the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
d.»ultipl.xor circuit. In this situation, the information 
held m the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture. m 
this way, the state machine of the Huffman decoder and 
video demultiplexor can still handle the data according to 
system design. 

Another advantage of the PICTURE_END control token is 
its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Vet another advantage of the PICTURE_END function is 
its use in error recovery. For example, assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
picture will be held in the data buffer until a full swing 
buffer, but, by definition, the buffer will never fill At 
some point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE END 
token is decoded and forces the data in the coded datl 
buffers to be applied to the Huffman decoder and video 
demultiplexer, the final picture can be decoded and the 
information emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE_END 
token is that. the serial pipeline processor will continue 
the processing of uninterrupted data. Through the use of a 
? ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area. in 
addition, the Huffman Decoder and Video Demultiplexer 
generally know the amount of information expected for 
decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer Know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 
from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 
Demultiplexer that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 
normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 
empty. The PICTURE_END control token is decoded in. the 
Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexer either directly or 
through the DRAM interface. 

19. FLUSHING OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
5 of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 

10 Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 

15 only on the data contents of the last picture buffer as it 
existed prior to the arrival of the P I CTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTURE_END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 

2 0 Huffman Decoder circuit. With the arrival of the 

P I CTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 

2 5 picture, and outputs this information through the DRAM 

interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 

3 0 2-0. FLUSH FUNCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. More specifically, the present invention 
comprises a combination of a PICTURE^ END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
5 picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
10 stages to continue processing. This prevents a loss of 

data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP -AFTER PICTURE 



circuit at a logical point in its operation. At this 
point, a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 

2 0 function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 

25 and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing . 



15 



The STOP_AFTER_PICTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
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22. MULT I -STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH MODE control token which is used to reconfigure 



145 



the input to the serial pipeline processor to look at the 
incoming bit stream. When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. It 
5 will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
10 along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 

15 data bit stream by purposely changing channels, e.g. , data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 

20 user interrupts the normal processing of the serial 

pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 

25 for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

3 0 The Start Code Detector can assume any one of a number 

of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group_start standard image. When such an image is 
identified, the Start Code Detector generates a GROUF_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING^ STANDARD 
signals. The CODING_STANDARD signals are conveying 
information directly from the incoming bit stream as 
required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 

This mode of operation has been selected because it 
is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains- the requisite 64 values. 
Thereafter, the values in the DATA Tokens are quantized 
coefficients which can be used by the Inverse Quantizer. 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 

5 Quantizer has been adapted for use with tokens. The 

Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 

10 decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 

15 Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 

2 0 various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 

25 performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFMAN DECODER AND PARSER 

30 Referring again to Figures 11 and 27, the Spatial 

Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
5 Huffman decoders, one for each standard, the present 

invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 

10 Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 

15 32 3, the Index to Data unit 324, the ALU 325, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 

2 0 here is on particular aspects of the Huffman Decoder, in 

accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 

2 5 operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 

30 word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. In particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture , " and start of macroblock codes . 
5 In accordance with the present invention, the Token 

Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 

10 data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 

15 that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 

2 0 data is decoded in accordance with the first part of the 

multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman Decoder 321 also identifies certain data 
25 that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

3 0 This index number is then passed to the Index to Data 

unit 324. In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
5 accompanying control word, to the ALU 3 25, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
10 form tokens. The tokens are then conveyed to the next 

stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DI8CRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
15 accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
2 0 stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 

2 5 encode the data. However, in the present invention, 

significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 

3 0 the upper and lower portions of the algorithms is 

increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 



10 



15 



20 



25 



30 



152 



The /TrsT C ° 3 nUmbSr ° f mUlt — andard toke ns. 

The first portlon Qf the idct checks 

-sure that the DATA tokens are of the =orrecc * ^ 
processing. In fact , the token stream 

some situations if the error is not too large. " 

27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
meaning video information and supplies the address 
generators with information on the timing of the datas 
arrival, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance .with the data that was encoded and the 
monitor on which the information is being displayed. Data 
arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to c-ea- 
the data. When information arrives at the Buffer Manager 
it is decompressed. However, the data is in an order ^ 
x- useful for the decompression circuits,, but not for the" 
particular display unit being used. When a bloc, of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use m doing this, the Buffer Manager takes into account 

data b 7V ate = ° nVerSi0n -c— -ry to adjust the incoming 
data blocks so they are presentable on the particular 
display device being used. 

in the present invention, the Buffer Mnager primarily 
supplies information to the address generators 
.••■evertheless, it is also required to interface with other 
elements of the system. For example, there is an interface 
-th an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the 



address generators 

~i:z^:r r ais ° interfaces — - 

d-splav "«^ng information on whether th. 

d .pi., d ls ready tQ d . spiay ^ e 

a. e cleared xnformation from a buffer for display. 

of -Zl BUffer ° f ^ P " Se - i-.„tion keeps track 

of he ther a particuiar bufffir is empty< P -ck 

b " alS ° ***** track of the presentation 

in th s ' With PartlCUl - d «* - each buffer 

the b ff Way ' BU " er Mana9er the states of 

data r ^ itS " adi — to accept new 

Buffer M " amPle ' PICTUR£ - ST ^ -ken causes the 

Buffer Manager to cycle through each buffer to find one 
-h ich xs capable of accepting the new data 

The Buffer Manager can al so be configured to handle the 

i:;:r d r requi — * — * - tokens " 

skLpl d eXamPle ' in "- 261 -andard. data ma ybe - 

Bu fer M 9 PlaY - ^ 3 tQke " - the 

Thus by waging the buffers, data can be effectively 

e co^e : h a r rdin9 ^ «-P«--ion standard used to 

enc 0de the data, the rate at which the data is decoded and 
the particular type of display device being used. 
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The foregoing description is believed to 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
5 skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
10 implementation of various embodiments of the invention, the 
following further description and explanation is prof erred. 
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This is a more detailed description for a multi-standard 
video decoder chip-set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization, clarity and 
5 convenience of explanation, this additional disclosure is 
set forth in the following sections. 

• Description of features common to chips in the 

chip-set: 



The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set . 

2 0 A. 1 . 1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
NAMES_OF — TOKENS 
wire_name active high signal 
2 5 wire_name active low signal 
register_name 



- Tokens 
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•Two wire interfaces 
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• DRAM interface 

• Microprocessor interface 

• Clocks 

• Description of the Spatial Decoder chip 

• Description of the Temporal Decoder chip 



SECTION A.1 



* ... t 



SECTION A.2 Video Decoder Family 

30 MHz operation 
Decodes MPEG, JPEG & H.261 
Coded data rates to 25 Mb/s 
Video data rates to 21 MB/s 

MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Full JPEG baseline decoding 
Glue-less page mode DRAM interface 
208 pin PQFP package 

Independent coded data and decoder clocks 
Re-orders MPEG picture sequence 
The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
decoders. The chip-set is currently configurable to 
support three different video and picture coding systems: 
JPEG , MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
720 x 4S0, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
-of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A.2.1 System configurations 
A.2. l.i output formatting 

In each of the examples given below, some form of output 
formatter will be required to take the data presented at 
the output of the Spatial Decoder or Temporal Decoder and 
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20 



25 



30 
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re-fortna* it for a computer or display system. The detail 
of this formatting will vary between applications. in a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images . The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
15 chroma sampling formats and color spaces . that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
chip-set, it will merely pass the data through the Temporal 
Decoder without alteration or modification when the syste 
is configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM win be required by each of the Spatial Decoder and 
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the Temporal Decoder. 
A. 2. 1.5 mpeg decoding 

The configuration required for MPEG operation is the 
same as for H.261. However, as will be appreciated by one 
of ordinary skill in the art, larger DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 
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SECTION A.3 Tokens 

A. 3.1 Token format 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set. While in the present invention, each 
word of a Token is a minimum of 8 bits wide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width. Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A.3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
15 extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
2 0 multiple words (in the current chips no address is more 

than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
25 (10 bits including the extension bit). The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 



A.3.2 THfe DATA Token 

The DATA Token carries data from one processing stag- - Q 
the next. Consequently, the characteristics of this Token 
change as it passes through the decoder. Furthermore, the 
meaning of the data carried by the DATA Token varies 
depending on where the DATA Token is within the system 
i.e.. the data, is position dependent. m this regard the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 
Decoder. For example, at the input of the Spatial Decoder 
DATA Tokens carry bit serial coded video data packed into 3 
bit words. At this point, there is no limit to the length 
of each Token. m contrast, however. at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 
and each word is 9 bits wide. 
A. 3. 3 using ToJcen formatted data 

In some applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. m most cases it will be 
sufficient to collect DATA Tokens and to detect a few 

\TZ^ PrOVidS SynChr ° ni2ati - information (such as 
PICTL R £_START, . m this regard, see subsequent sections 
A. 16, "Connecting to the output of Spatial Decoder", and 
A. 19. "Connecting to the output of the Temporal Decoder" 

As discussed above, it is sufficient to observe activity 
on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. m addition, the Address field can be 
tested to identify the Token. Unwanted or unrecognized 
,okens can be consumed (and discarded) without knowledge of 
their content. However, a recogniaed token causes an 
appropriate action to occur. 
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Furthermore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative' to doing the configuration via the micro 
processor interface. 
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O | Token Name ' 


Re/ererce 


i 01 »! '! 1 I 


OUANT.SCALE 




|<m!o| 


PREDICTION_MOOE 




0 ! ' M 1 1 | (r«M<v.d) 




1 •• : o | o | 


MVD_FOR WARDS j 


| 'i o| >i 1 


MVD.BACKWARDS | | 


1 0 : 0 j 0 0 1 i 1 

1 ' L_! 


QUANT.TABLE 




o : o | o | o 1 o 1 i | 
j .III 1 


DATA 




j ' ;' 1 I 0 |. 0 j 0 | 0 | | 


COMPONENT__NAME 




p: l| 0| Oj Oj 1 | 


DEFINE.SAMPLING 




I 1 : 1 ! o| o| 1 1 o| | 


JPEG_TABLE_SEL£CT 




1 ' i 1 1 °l °l 1 1 1 1 


MPEG_TABLE_SELECT 


I 


|i|ijo|t|o|o 


TEMPORAL.REFERENCE 




| M H o| 1 j 0 | 1 


MPEG.DCH.TABLE 




| ■ : t j o j t | 1 | o 


(reserved) 




| i • 1 | O 1 1 i | 


(reserved) j 




j ' 1 1 1 j 0 | 0 | O | 0 j 


(reserved) SAVE_STATE j | 


! : 1 i i ! 0 | 0 | 0 1 | (reserve*) RESTORE^STATE 




j l : I ! l | 0 j 0 1 0 | 


TIME.COOE 




| i j I j t | 0 | 0 j "I | I | 


(reserved) 




; c . o ! o j o | o o o j o 


NULL | 




j -3 : 0 | 0 j 0 | 0 | 0 | 0 | 1 


(reserved) 


! 2i 0 0 | 0 | 0 j 0 | 1 | 0 


(reserved) 




j o ' o j o 0 0 0 j 1 1 


(reserved) 




[ o : o | o j i o o | o | o 


SEQUENCE.START j 


j o ; 0 j 0 j 1 | 0 0 | 0 j 1 


GROUP.START | 


o ; o o j i o o ) i o 


PICTU REDSTART 


j o i 0 j 0 j 1 o | 0 | 1 1 


SLICE.START 


| o; oj ojt o j i oj o 


SEQUENCE.END 


! v o i o 1 i o j i oli 


CODING_STANDARD 


' 0 : 0 ; 0 | 1 j 0 | 1 1 I 0 


P!CTURE_END 




; o ; o | o 1 i j o | 1 | i i 


FLUSH 


! - ; o | o ! i J i o | o j o 


FIELD JNFO | j 



Table A.3.1 Summary of Tokens 
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0[ 0 j o|~l | 1 0 0| t 



0 0 i 0 I 1 I 1 
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Token Name 

MAX_COMPJD 
EXTENSION DATA 



0 : 0 ! 0 1 1 i 
1 i t 



0| i j i USER J3ATA 



Reference 



o;o|oji|t|i|o|o 
o I o | o | 1 1 i j 1 1 o| 1 



DHT.MARKER 



OQT.MARKER 



oj o| o| 1 | 1 | 1 | 1 j c 


> (reserved) DNL.MARKER 




0 I 0 I 0 1 | 1 | 1 | 1 | 1 


(reserved) ORI.MARKER 




i j i ; i | o j i j o j o j o 


(reserved) 




1 : H 1 j o j i j o | o i 


(reserved) 




n 1 i i | o t o i j o 


(reserved) 




i | i j 1 1 o | 1 1 o j 1 1 


(reserved) 




!jiji|o|i|t|o 0 


B ITERATE 




» ! i j i | o| 1 1 | 0 1 


VSV.BUFFER.SIZE 




1 I 1 | 1 | 0 | 1 | 1 | l 0 


VBV_DELAY 




i ) i ! 1 o I 1 1 1 1 i 


i 


PICTURE.TYPE 




» : i ; i | i o o o ( o 


PICTURE.RATE 


1 


i i ; 1 | 1 1 o o | o 


t 


PEL_ASPECT | j 


' ! ' ! 1 ( 1 0 | 0 | 1 0 


HORIZOHTAL.SIZE 


| t ; 1 j i | 1 0 | 0 | 1 


i 


VERTICAL.SI2E 


1 ; 1 j 1 | 1 0 | 1 | 0 0 


BROKEN.CLOSED | j 


j ' ! t j 1 j 1 | 0 | 1 | 0 1 


CONSTRAINED j j 


j i i i j 1 1 1 j o| 1 1 i o 


(reserved) SPECTRAL_LIMIT | 


| i j t | t | 1 0 j 1 | 1 1 


DEFINE.MAX.SAMPLING 


1 j 1 ! 1 j 1 1 j 0 | 0 0 


(reserved) 




1 


i j i j 1 1 1 1 1 0 1 0 1 


(reserved) 




1 ; i i i i j 1 1 o i j o 


(reserved) 




i : 1 1 i 1 1 1 o j 1 1 i 


(reserved) 


i : i ; i i 1 1 i j o j o 


HORIZONTAL. MBS j 


1 : : i ! t j 1 j 1 | i o I 


VERTICAL.MBS | 


i i ; i ; \ | i j 1 j t 


0 


(reserved) 1 




1 1 • 1 : i ! 1 ! 1 * 1 J 1 (reserved) | 

Table A. 3.1 summary of Tokens (contd) 
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A. 3. 4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note: 

,» r » signifies bits that are currently reserved and carry 
the value 0 

.unless indicated all integers are unsigned 
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0| 



r ; r 



f I c : b 



' i 



10! 0: 0 



5 ; s ; $ 



i i 



n : n . n 



M 0 f 1 J 0 j 1 



5 ! 5 



I 
i 

! I 
I > 

i ■ 
i i 

i i 



arries the MPEG bit ra:e parameter p. Genera^ 5 y ~ 9 
decoder when decsding an MPEG Stream. 

b - an is bit integer as denned by wp = 3 
BROKEN_CLOSED 



Carries rw 0 MPEG fj ags bila: 
c • dosed_gop 
b * brokenjink 
CODING.STANDARD 



s * an 8 bit integer indicating me current coding srandard. The 

values currenny assigned are: 

0-H^St 

t • JPEG 

2 • MPEG 



0 ; Oi 0 J c ; c 



n • n ' n I n : n 



! I 



! 1 j 1 j 1 I oi 1 i 0; 



r : t : t 

I i 



M * I r : c 

! i t 



COMPONENT_NAME ^ : 

Cdmmun.ca.es the relationship between a component ID arc *e 
component name. See also 

c • 2 bit component ID 
n - 8 bit component •name* 
CONSTRAINED 

c - carries me constrained jarame:ers..1ag decoded an 
MP£G bitstream. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 1 of 9) 
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Description 



d|d:djdjd!dfd!d 



d ; d . d 



1 ! 1 1 i i 1 1 oj 1 1 1 1 i 



OATA 

Carries eata through the decoder rntp-sei. 

c * a 2 bit integer component iO'see A.3. 5.1 ). T>.:s * e i d 

is not defined (or Tokens mat carry coded da:a (-ath-r t.-.ar. :mi 
information). 



r i r : r 



f I r 



r r : r 



r f r 



DEFINE.MAX.SAMPLING 

Majt. Horizontal and Vertical sampling numbers. These desc.-^e 
the maximum number of blocks horizontally/vertcally in any 
component of a macroblock. See K3.S.2 

h * 2 bit horizontal sampling number, 
v • 2 bit vertical sampling number. 



'I 1 !© 0 | 0 j 1 I c j c 



' I r 



r ! r ! r 



i I 



h h 



OEFINE.SAMPLING 

Horizontal and Vertical sampling numbers lor a particular cdou 
com pone nL See A.3.5 2. 

c • 2 bit component 10. 

h - 2 bit horizontal sampling numoer. 

v • 2 bit vertical sampling number. 



Oj 01 0 



1 1 



DHT_MARKER 

This Token informs the Video Oemux that the DATA Token j-.at 
follows contains the specification of a Huffman table described 
using the JPEG 'define Huffman table segmenr syntax Th.s Tcken 

is only valid when the coding standard is configured as JPEG. 

This Token is generated by the start code detect during JP=G 

decoding when a DHT marker has oeen enccun:ered in the cata 

stream. 



Table A. 3.2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 2 of 9) 
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7{6. 51*3:2! 1 



Oescnotion 



0 0 | 0 I 0 . 1 i 1 j 1 



1 j 0 

1 



i i 



i 1 



DNL MARKER 



This Token informs the viceo Oemux that me DATA Token :.-.a( 
follows contains the JPEG parameter nl wmcn saecfies the 
numoer of lines in a frame. 

This Token is generated by the start code detector during j = = 3 
decoding when a ONI marker has been encountered in the Ca:a 
stream. 



0 ; 0 • 0 i 1 



1 i 1 J 0 I t OQT MARKER 

1 I 1 



1 1 



! ! ! 



oi 0 . 0 i 1 



! I 



1 I 1 ! 1 



; I 



I i 



This Token informs the Video Demur thai the DATA Token mat 
follows contains the specification of a quantisation table desc.-ise-i 
using the JPEG "define quantisation table segment* syntax This 
Token is only vaiid when the coding standard is configured as 
JPEG. The Video Oemux generates a QUANT_TABLE Tc< e p 
containing the new quantisation table information. 

This Token is generated by the start code detector sunng JPS-3 
decoding when a OQT marker has been encountered in the iaia 
stream. 



DRI.MARKER 

This Token informs the Video Oemux mat the DATA Token -.-.at 
Mows contains the JPEG parameter Ri which specifies me 
number of minimum coding units oerween restart markers. 

This Token is generated by the star code detector during JPZZ 
decoding when a Ofll marker has been encountered in the ca:a 
stream. 



I 



Table A. 3 . 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 3 of 9) 
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|_«|| rft -s «! aj 2 j 


' | 0 Description 


1 • 1° 

0 v 

1 


| 0 0 t | 1 j oj 

I V V V V V 

i 
I 
j 


1|0 EXTENSION.DATA JPEG 

V | V 

| This Token informs the V.ceo Oemux mat :ne DATA Token :n a i 
follows contains extension data. See A. 1 1 .3. "Conve-.on cf s;an 
codes to Tokens'. and A.m.6. -Flecervmg user and 
Extension data*, 

Ouring JPEG operation tne 8 bit field V carries the JPEG marxer 
! value. This allows the class of extension data to be identified 


0 0 | 


0 i 0 1 t j o 

i 
j 
I 

i 


1 j 0 EXTENSION_OATA mpeg 

i 

j This Token informs the Video Oemux that the DATA Token that 
follows contains extension daia. See A. 1 1 .3, "Conversion of start 
codes to Tokens". and A.m.6. -*ecerv,ng User and 
Extension data*. 


'2 10! 
SJ Or, 

w 1 

j 

o I 

13 


0 0 j 1 i j 0 | 0 
' t X p f f 

I 


I 0 FIELDJNFO 

i ' n 

j Cames information about the picture following to aid its display. 
This function is not signalled by any existing coding standard. 

1 - if the picture is an interlaced frame this Oil indicates if the u— ■ 

! 

field is first (t«0) or second. j 
P - if pictures are fields this indicates if the next picture is upper 
(p*0) or lower in the frame. j 
t - a 3 bit number indicating position of the field :n the 8 field ?AU j 

sequence. f 

t 


0 0 


0 0 1 0 j 1 1 

I 

1 

! 


1 FLUSH : 

Used 10 indicate the end of Tie current coded data and to ?us.i tne ' 
end of the data stream through me decoder. 


. 0 Oj < 

i 

1 

1 

1 ( 

; 1 
t 

i : 


> j o i j o; oj oj 

i i M ! 

Mi! 
. MM 


1 GBOUP.START 

Generated wnen the group of pictures star: cpce is founo wr.en 
decoding MPEG or the frame marker is found wnen decoding 
JPEG. 



Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 4 -r 
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3 I 2 I t I 0 



I 1 ll 1 1 1 I 1 1 1 I 1 1 i j o | o 




I 'II f f ' j t I ft ■ hi hj r»! n 



HORIZONTAL.MBS 



i M | ! I I 



ft ■ a 13 bit numoer .nteger -ndicatmg the horizontal w, C th of 
Dicture in macrobiocks. 




ft | ft i h j ft! hi hj h | h 




h - 16 bit number integer indicating the horizontal wiatn of me 



Informs the inverse quantiser which ouant.sat.on table to use cn 
the specified colour component. 

c • 2 bit component (O (see A.3.S. i 
I • 2 bil integer table number. 



MAX.COMPJD 



Configures which DC coefficent Huffman table should be used for 
colour component cc. 

c - 2 bit component 10 (see A.3.5.1 



informs the inverse quantiser wnemer to use the default or user 
defined quantisat.on table for mtra or non.ntra infonnauon. 
n - 0 indicates intra information, i non-intra. 
d • 0 indicates default table, i user d efined. 

Table a. 3.2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (sheet 5 of 9) 
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E 7 I 6 IS 4 3 2 



t 



Oesenpnon 



iii r r°T , i d 



vl V j V 

I 



MVD_8ACKWARDS 

Carries one component (either verocat or horizontal) of the 
bactewarcs motion vector. " 

d • 0 indicates x component, 1 the y comecneni 

v - 12 bit two's complement number. The CSS covets r.aif - (ie i 

resolution. 



M 0 I 0 I d v v I v v 



MVD.FORWARDS 

Carries one component (either vertical or horizontal) of the 
forwards motion vector. 

d - 0 indicates x component. 1 the y component 

v - 12 bit rwo's complement number. The LS3 pro vie &s half pixel 

resolution. 



0| 0 

! 

i 



NULL 
Does nothing. 



| 'jj ' I 1 | i | t | 0 | 0 | 0 | 1 



! 0 



i . t ; r 



' p 



PEL.ASPECT 

p - a 4 bit integer as defined by MPEG. 



0! 



0 i C j 0 j 1 



PICTURE_END 



Inserted by the start code detector to indicate the er.c of the current 
picture. 



MM M 1 1 ooo 0 



0 r ! r 



P P P p 



PICTURE.RATE 

P • a 4 bit integer as defined by MPEG. 



i ojojo|i|ojoji|o 



rjrj, 

i I 
i i 



PICTURE_START 

indicates the stari of a new picture. 

n • a 4 bit picture index allocated to me picture Oy the start code 
detector. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 6 of 9) 
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7 | fiHH 3 | 3 j 1 1 0 

j 1 1 o | i j 1 1 i i i 



Description 



l 1 



I I 



r . p p 



PICTURE.TYPE MPEG 

p • a 2 bit integer indicating tne picture coding Type of the picture 
that follows: 

0 • intra 

1 - Predicted 

2 - Bidirectronaiiy Predicted 

3 - DC Intra 



1 ! 1 t 1 



i 0 



1 1 1 j i 



r r r r 



I o! 1 



s d 



i > 



PICTURE.TYPE H.261 

indicates various H.261 options are on (t) o/ off (0). These options 
are always oft (or MPEG and JPEG: 
s - Split Screen Indicator 
d • Document Camera 
f • Freeze Picture Release 

Source picture format: 
q o 0 - OOF 
q » 1 - CIP 



0 0 : l I 0 h 



x \ b 



PREDICTION.MODE 

A set of flag bits mat indicate the prediction mode tor the 

macro blocks that follow: 

t • forward prediction 

b • backward prediction 

x • reset forward vector predictor 

y - reset backward vector predictor 

h • enable H.261 loop filter 



Oi 0 : 0 ! 1 s 



s 



QUANT.SCALE 

informs the inverse quantiser ol a new scale factor 

$ - S bit integer « range i ... 3 1. The value 0 is reserved. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 7 of 
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H 


7 ! 6 I 5 | 4 | 3 2 


<! o 


0*<jrftnfinn I 


i 


OlOjOjOjl|r|tjt 


QUANT_TABL£ | 

Loads tne specified inverse quantiser :abie witn 64 a bit s:gred 1 
integers. The values are in zig-zag orier. 

i 

t - 2 bit integer specrfying the inverse cuartsser :ar<e :; m 'z&leC. 


i 


q:qlq:q|qjqiq;q 




0 


q | q 


q i 


q 


q 


q 


q ; q 

I 

! 


0 


0 


0 


O | 1 

! 


0 


1 


0 


0 


1 

* 

The MPEG sequence_end_eode and the JPEG ECi ir.amer cause 
this Token to be generated. 


0 


0 


" o 


0 


1 


0 


o j o | o 

! ! 


SEQUENCE START i 

i 

Generated by the MPEG sequence. s;an Stan code. 


1 


0 1 0 0 | t j 0 0|tM 


SLICE.START 

Corresponds to the MPEG slice.sart. tne H.2SI GC3 ari the 
JPEG resync interval The interpretation of 8 bit integer *s" ii^s'S 
between coding standards: 

MPEG - Slice vertical Position - i . 
H.2S 1 - Group of Blocks Number 

JPEG • res ychronisa lion interval identification (4 lS5s onfy). ] 


0 


s 




I 

I 

1 


s 


s 


S 


s 


s 


1 


i j i | o 


.1 o j 0 


* i < 


TEMPORAL.REFERENCE 

t - carries the temporal reference. For MPEG this is a 10 bit integer. 
For H.2S1 only the 5 LSBs are used, tne MS9s wi! always be :sra. j 


0 


•i < 
i 

1 


( 




t 


t 


t 


t 


1 


1 1 t j 1 | O 1 0 | 1 i 0 j d 


TIME.CODE 1 
The MPEG time.cooe: 

d • Drop frame flag [ 
h - 5 JDit integer specifying hours 

i 

m • 6 bit integer specifying minutes 
s • 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures 


1 


rjfjr|h hjhjhlh 


1 


f i r | ml mj m: m! ml m 


1 


f | r j s s ! s | s j s j s 


' 0 


r | r 

i 

i 
i 

i 


p 

i 
i 

i 

i 


p 


p 


P | P 

! 

I 

i ! 


P 

! 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 
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El 7 : 5 : 5 4 : 3 ; 2 : 


0 


Description 




1 j| 0 * 0 : 0 • 1 : t ■ 0 : 1 


1 


US£R_DATA JPEG 





: 0 

i 

i 
i 
t 
1 

| 

! 
i 


i v ■/ : v v 

1 

1 

: i 
i 

1 

i 

i . 
i 

' : ! 

j j 

j i 


V 


V V v 

1 . 


This Token mtorxx -„ne Video Ten-ux *- a : DATA "rken - a - 

(oiio^s contains US er data. See a.; 1.3. ---- vefS;C _ 3t y ^ os 

!0 Tokens*. and ... 4 6 -=:. ece;vir . , Jm , ^ 
Extension cata". 

During JPEG CDeraftcn T.e 9 tit .'eld V - a rr: es :.i 9 _P£G -ar*a- 
value. This allows :ne class 0/ user ca:a iz re rce.-.^iec. 


i 
i 

\ 


0 o.o i ' i ; o ; 1 • 1 

: ' ' 1 ■ 
: ' t ■ ' 

; i ; ■ i 
i ■ ' 1 

: t 
: i 

1 ; 

' ' ! ! i ; : 


USER_DATA MPEG 

This Token informs the Video Oemux ynat :r?e DATA Token :.-. a ; 

follows contains user data. See A.n 3 "Conversicn -f ^« 

to Tokens*. and a. * £.5. "Piece:-, .rg fser ara 
Extension data*. 


| Ml 1 ' I i I o t 


* 0; i 


VBV_BUFFER_SIZE 

s - a 10 tort integer as defined by .MPEG. 


i M 


' f ! r i r I ' 


r|,: s 


j o| s s | s j s I s 


sis , 


| : lj 1 : i i | 0 1 


i i ; o 


VBV.OELAY 


j 1 || D ; 5 | o | b b 


b b • b 


b - a 16 tit integer as defined by MPEG. 


I °! 


o . & 1 b | b b 


b bib 


i '! 


1 i ! t | i | i j i ; 0 ; i 


VERTICAL.MBS ~ 

1 

v - a 13 bit integer indicating tne vertical sue of ;he ncture n ' 
macroblocks. 


| 1 | f ! ' j r j v j v viv'v 


i o 

I 


v • v i v I v v 

i 


v ; v i v 

i i 


| ' [I 1 : 1 1 ; 1 1 o [ 0 j 1 f 1 


VERTICAL_S12E 

v - a 16 bit integer indicating ;ne ven.cal size s! :.ie = .crjr- r m*s. 
This can be any integer vajue. 


| 1 jj v ' v i v ; v | v j v * v | v 


I" 

i 
1 


v v ■ v v j v j v . v : v 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 9 of 9) 
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A. 3. 3 Numbers signalled in Tokens 

A. 3 .3.1 Component Identification number 

In accordance with the present invention, the Component 
ID number is a 2 bit integer specifying a color component* 
5 This 2 bit field is typically located as part of the Header 
in the DATA Token. With MPEG and H.261 the relationship is 
set forth in Table A. 3 . 3 . 



Component ID 



MPEG or H.261 colour component 



0 



Luminance (Y) 



Blue difference signal (Co / U) 



2 



Red difference signal (Cr / V) 



3 



Never used 



Table A. 3. 3 Component ID for MPEG and H.261 
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With JPEG the situation is more complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
specification of color components arrive at the decoder. 
A. 3. 5 .2 Horisontal and Vertical sampling numbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3. 4. 





Horizontal 




Vertical 




Component 10 


sampling 


Width in olocKs 


- sampfing 


Height in blocks 




number 




number 




0 


1 


2 


1 


2 


1 


0 


1 


0 


1 


2 


1 o 


1 


0 


1 


3 


| Not used 


Not used 


Not used 


Not used 



Table A. 3. 4 Sampling numbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A. 3. 5.1. Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A. 3.5. 



— ~ 





Horizontal 




Vertical 




Ccn-.ocrent 10 


sampling 


W»C*J"! m blocks 


sampling 


He:;rt n blocks 




number 




number 




Y 






o 


1 


u 


° 


1 


o 


1 i 


V 


o 




° 1 


l ; 



5 



Table A. 3. 5 Sampling numbars for 4:2:2 JPEG 
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A. 3 . 6 ■Wp^cial Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANT_TABLE Token are used in their 
"extended form" within the decoder chip-set. In the 
extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. in 
the case of QUANT_TABLE tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



Token Name 


MPEG 


JPEG 


H.26t 


j BIT_RATE 


s 




BROKEN_CLOSED 






CODING.STANDARD 


y 


s 


/ 


COMPONENT.NAME 




/ 


CONSTRAINED 






DATA 


s 


s 


s 


DEFINE_MAX_SAMPLING 




/ 




DEF1NE_SAMPLING 




/ 


s 


DHT.MARKER 




' \ 


DNL.MARKER 




DQT_MARKER 


i 


' 1 




DRI_MARKER 


✓ i 



15 



Table A. 3. 6 tokens for different standards 
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^ ^ To*t«n Name 


mpeg 


JPEG 


H_25t 


EXTENSION_DATA 


/ 


' 1 


FIELDJNFO 






| PLUSH 


/ 




- i 


GROUP.START 


S ■ 


i " 




HORIZONTAL_MBS 


/ 




s 


HORIZONTAL.SIZE 


s 


' j 


' i 


JPEG TABLE SELECT 




✓ i 
i 


MAX_COMPJD 


s 


' ! 


✓ 


MPEG_OCH_TABLE 


s 


i 


MPEG_TABLE_SELECT 


/ 




MVD BACKWARDS 


J 


i 


MVD FORWARDS 


/ 






NULL 






✓ 


PEL ASPECT 


✓ 


\ 




PICTURE END 








PICTURE RATE 


i 1 


PICTURE START 


/ 


< 1 


s 


PICTURE TYPE 


/ 


✓ i 




; PRFDIPTiriN MODE 


1 

/ 1 

1 


! 


1 

* ( 
1 


! QUANT SCALE 


/ 


! ' ! 


1 QUANT TABLE 


/ 


✓ i 

i 


I 


: SEQUENCE END 


/ 


/ 


SEQUENCE START 


/ 


s 


✓ 


SLICE START 


s 






TPMPHRAI OCCCQCurc 
1 CWirUnML_ncrCnCnuC 


s 


! ' ! 


time mriP 


' \ i i 


USER_DATA 


s 


i 


VBV_BUFFER_SIZE 


' ! ! ! 


! VBV_DELjAY 


** i * 


j VERTICAL.MBS 




" ! 




VERTICAL_S12E 




✓ 


' ! 



Table A.3.6 Tokens for different standards (contd) 




A. 3. 7 Use of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A, 3 . 6 . 



c 
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SECTION A.4 The two wire interface 

A. 4.1 Two-wir* inttrfacu and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
5 Data is only transferred between blocks when both the 

sender and receiver are observed to be ready when the clock 
rises. 

1) Data transfer 

2) Receiver not ready 
10 3) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 

15 output until it is accepted by the receiver. 

When Token information is transferred between blocks- the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A. 4. 2 Where used 

2 0 The decoder chip-set, in accordance with the present 

invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4.3 Bus signals 

25 The width of the data word transferred by the two-wire 

interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT), but only 9 bits 

30 are. output. 
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Table A . „.i two wire interface data width 

In addition to the data signals there are three other 
swnals transited via the two-wire interface 

•valid 

. accept 
. extension 
A . 4 . 3 • i The extension signal 

A. 4. 4 Design considerations 

The two wire interface is intended for short range 
point to point communication between chips 

The decoder chips shouid be placed adjacent to each 
other, so as to minimis the length of the PCB tracks 
between chips. Where possible tr.cv i ^ 
**Pt below 25 mm. The PCB track caoa r 

to a' minimum. capacitance should be kept 



# » 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips". 1 
5 All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A. 4. 5 Interface timing 



Num. 


Characteristic 


30 MHZ 


Unit 


Note* 


Mtn. 


Max. 


S 


.1 


inout signal set-up time 


S 




ns 


2 


input signal noid time 


0 




ns 




3 


Output signaJ drive ome 




23 


ns 




4 


Outout signal noid ame 


2 




ns 





Table A. 4 .2 Two wire interface timing 

a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 p F 



1 Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10.5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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s a nd output . 



A. 4 . 6 ^signal levels 

The two-wire interface uses CMOS input 
V IHmin is approx. 70% of V an n v 
TK , ,,n and V »<-< is approx. 30% of v 

The va iues . hown in Table ^ ^ ^ V 

Ch61r res ^ive vorsc case v u;) . v I1H . 5 . 0±0 . 2SV. 




Table a. 4. 3 DC electrical characteristics 



10 



a. l OH <lmA 

b. l,, H <4mA 
c- l, i; <lmA 
d. l # „<4mA 
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A- 4 . 7 ^Cgntrol clock 

In general, the clock controlling the transfers across 
the two wire interface is the chip's decoder_clock. The 
exception is the coded data port input to the Spatial 
Decoder. This is controlled by coded_clock . The clock 
signals are further described herein. 
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SECTfQN a.5 DRAM Interface 

A- 5.1 The DRAM interface 

— . «*. r: f ;; p f ;:„- ut "" tia "' »« ««•«■■ 

handle «,.„„., prlorltie " tr °" 1" — t„. y 

Typie.Uy, „„ e , t . rnal * " " « «•« -c—r chip.. 

A. 5.2 Interface signals 
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In ^oordance with the present invention, the interface 
is configurable in two ways: 

•The detail timing of the interface can be 
configured to accommodate a variety of 
different DRAM types 
•The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A.S.3 Configuring the DRAM interface 

Generally, there are three groups of registers 
associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A. 5. 4, should 
be configured last. 
A. 5. 3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with the 
present invention, starts operation with a set of default 
timing parameters (that correspond to the slowest mode of 
operation,. Initially, the DRAM interface win continually 
execute refresh cycles (excluding all other transfers,. 
This win continue until a value is written into 
refresh_interval. The DRAM interface will then be able to 
perform other types of transfer between refresh cycles ■ 
2= A. 5. 3. 2 Bus configuration 

Bus configuration (registers in Table A. 5. 3, should only 
be done when no data transfers are being attempted by the 
interface. The interface is placed in this condition 
immediately after reset, and before a value is written into 
refresh_interval. The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. See the Temporal Decoder chip_access register 
(A. 13. 3.1, and the Spatial Decoder buf f er_manager_access 
register (A. 13 . 1 . l) . 
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30 
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10 



15 



20 



25 



30 



A . S . 3 ST -interface timing configuration 

control h k 9 COnfi ^ u " tio n information are 

Writing ! to tnis register inter 

inter f .c._ tl . lng _. ce .„ . x< fch- dram ± cont , 
Pe ;; i0n With - eVi °- "^ration. After ^ 

; t a ;; e ;. should wait * «„ be r ead back th : 
- lmln, - access before writing to anv ° f 

interface timing registers. 

When configuration is compete, o should be written to 
the interface timing access th. bitten to 

thon . t " 9_access. The new configuration will 

then be transferred to the DRAM interface 
A. 5. 3. 4 Refresh configuration 

The refresh interval of tne DRAM interface Qf 

other data transfers. Data trln^rs 
value is written to ref resh_interva 1 

start up requirements should be satisfi-H k * 

value to refresh_interval. S " 1Sfled Siting a 

^AlV*/? - * CCeSS t0 registers 

All the DRAM interface registers of the present 
invention can be read at any time. 
A- 5. A Interface timing (ticks) 
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The*-© RAM interface timing is derived from a Clock which 
is running at four times the input Clock rate of the device 
(decoder_clock). This clock is generated by an on-chip 



PLL. 



For brevity, periods of this high speed clock are 
referred to as ticks. 
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5 • 5 ""Iffterf ace registers 



Register name 


5 
£n 


i 

3 

3 

irt 
3 

c 


Cesc.vcticn 

i 


intertact _(iming_acces j 

i 

1 


i 

tit 
rw 


0 

1 


■ his Junction enaeie register a;ic*$ access ;o 
:ne OFlAM interface timing ccrfig—a-cn 
registers. The configuration registers srcuid r.zi : 
:e modified while this register ioics the va.-ue 
0. Writing a one t0 this register rec-ssts access 
to modify tne configuration registers. After a 0 
has been wnnen to mis register tr.s CP.am 
inter/ace will stan to use tne new values in tr.e 
timing configuration registers. = 


page.starijengtri 


5 

CK 

rw 


0 


Specifies trie lengtn of the access ian .n vc«. 
The minimum value mat can be uses :$ ■; 
(meaning 4 ticks). C selects the r^.-um ' 
lengm of 32 ticks. 


I transfer.cyctejengm 


4 

bit 


0 


Specifies tne lengtn of lie fast sag- read 0 r 
write cycfe in ticks. The minimum value nat can 
be used is 4 {meaning 4 ticks), o selects the ! 
maximum length of 15 t;cks. i 


refresn.cyclejengm 


4 

Sit 

r\* 


0 


Specifies tne lengtn of tr.e r-fresn cyc:e m i:cks. 
The minimum vaJue that can 5 e used is 4 
(meaning 4 neks). 0 selects Lie ma*:mum 
lengtn of 1 6 ticks. 


HAS.falling 

i 


4 
bit 

rw 

t 


0 

t 


Specifies tne numcer of :;cks ar.er s:an zt 
the access stan that flAS fails. The mm:.— .un 
value that can be used is 4 (meaning -i txxsi. J 
selects Tie maximum length of * 5 :cks. 


1 CAS.falling 


4 


3 1 Soec:ft«3 the numoer of (iocs ar.er Me star: c< a 
1 


t 
i 


bit 


i 


r«ad cycle, write cycle or access start tr.at Ca5 
'alls. The minimum value Mat can used 3 






< 


meaning t &ck). 0 seiecs tne maximum :ergr. 
af 16 neks. 



Table A.5.2 Interface timing configuration registers 
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Register name 


Q 


« 


Oescnptron 






VI 

O 




==— =— 




C 




j 0RAM_aaL8_wiath 


2 


0 


Specifies ine mjmoer of bits used on jie 03am : 


i 


bit 




interface data bus DRAM_dau(jl:0). See ! 




rw 




A.5.8 

1 

l 

i 


fOW Sflrtre)** hit* 
* v a w w i W * W * ^9 


« 


Q 


Specifies tne number of bits used tor ;ne row | 




bit 




aocreu poruon oi ine ORAM interface actress 








bus. See A.S.to j 

1 




rw 




! 

i 


0RAM_enaot« 


1 


1 


Writing the value 0 in io this register fcrces :re j 




bit 




ORAM interface intp a high imoedance sate 

! 








0 will be read from this register if eimer ^e ! 




rw 




ORAM_enable signal is low or 0 has been i 








i 

written to the register. , i 


CAS.strengm 


3 


6 


These three bit registers configure ire caput 


RAS_strengtn 


bit 




drive strength of ORAM interface signafs. j 


addr.strengtn 








rw 




This allows the interface to be configured for [ 

1 


0£WE_strengm 




various different loads. ! 








See A.5.13 j 



A. 5. 3 Interface bus configuration registers 



10 
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A. 5. 6 --Interface operation 

The DRAW interface uses fast page mode. Three different 
types of access are supported: 
. Read 
.Write 
.Refresh 

Each read or write access transfers a burst of i to 64 
bytes to a single DRAM page address. Read and write 
transfers are not mixed within a single access and each 
successive access is treated as a random access to a new 
DRAM page . 



Register nam« 


s 

•* 


o 

5 

£75 

« 
C 


Description 

= ■ 


refresnjmervai 


8 


0 


This value specifies tne .nterval between | 


f 


bit 




refresh cycles in periods 0/ 16 decoder_c!ock \ 








cycles. Values in me range 1 ..2S5 can Se j 




rw 




l 

configured. The value 0 is automaseai-'y loacec ! 








after reset and forces tne CflAM interface :o j 








continuously execute refresh cycles ^nni a v a ,c ' 








refresh interval is configured. It is • j 








recommended that refresh .Interval s.iruis ;e j 








configured enfyonee after each reset. \ 


no_refresfi 


1 


0 


Wr,Bng value t to this register prevents 




bit 




execution 0 f any refresh cycles. ! 

i 




rw 




i 

1 



Table A.S.4 Refresh configuration registers 
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A. 5. 7 -Access structure 

Each access is composed of two parts: 
•Access start 
■Data transfer 

in the present invention, each access begins with an 

:::: st r r is fouowed by •* — -«« 

cycles. m Edition, there is a read, write and refresh 
variant of both the access Start and the data 

Open completion of the last data transfer for a 

"lets 13 ; TIT the . inC — •"*•» its Mmult stats 
(see A. =.7. 3, and remains in this state until a new access 
x. ready to beg in. If . new access ^ ^ 



* % 
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begin when the last access has finished, then the new 
access will begin immediately. 
A. 5.7.1 Access start 

The access start provides the page address for the reac 
5 or write transfers and establishes some initial signal 
conditions. . i n accordance with the present invention, 
there are three different access starts: 

.Start of read 

-Start of write 
10 .Start of refresh 



! Num " 1 Characteristic M in. wax 


L'mt 


Notes ■ 


5 


RaS preenarge period set Dy register 
RAS Jailing 


4 


16 


i 

t 1 
t 


6 


A ece» sun duration set by register 
page.starijength 


4 


32 




i 
i 

i 


1 7 

i 


C35 precna/ge length set Dy register 
CASJalllng. 


1 


16 




« 

1 


8 


Fast page read or wnte cycle length set oy 
the register tnnsfer.cycle Jengtn. 


4 


16 j 




i 


9 


Refresh cycle lengrn set Oy the register 
refresh_cycte. 


4 


16 





Table A. 5. 5 DRAM Interface timing parameters 

is value must be less than RAS_falling to ens; 
Cas before RAS refresh occurs. 
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In each case, the timing of RAS and the row address is 
controlled by the registers RAS_f ailing and 

page_start_length. The state of OE and DRAM_data [31:0] is 
held from the end of the previous data transfer until **RAS 
5 falls. The three different access start types only vary in 
how they drive OE and DRAM_data [ 3 1 : 0 ] when RAS falls. See 
Figure 43. 

A. 5 .7. 2 Data transfer 

In the present invention, there are different types of 
10 data transfer cycles: 



15 refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 



Furthermore, an early write cycle is used. WE is driven 



2 0 low at the start of the first write transfer and remains 

low until the end of the last write transfer. The output 

data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 

start of refresh cycle, there is no interface signal 
2 5 activity during the refresh cycle. The purpose of the 

refresh cycle is to meet the minimum RAS low period 

required by the DRAM. 

A. 5. 7. 3 Interface default state 



The interface signals in the present invention enter a 



3 0 default state at the end' of an access: 
RAS, CAS and WE high 

*data and OE remain in their previous state 
. addr remains stable 
A. 5. 8 Data bus width 



.Fast page read cycle 
.Fast page late write cycle 
.Refresh cycle 

A start of refresh can only be followed by a single 
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The**--* bit register, 



*>. oram i„t:rV. c ;:;;r- a - wldth ^ allows the widt * 

aUows the DRAM cost J '"V"* t0 be """lur.d. T his 
Picture^oL s mlnimiZed »^ 



10 




I 6 t>.| widt oau bu , on OBAM _d»Uf3l:24l«~ 
16 bit wid« dau bus oo OfUM.d sta(3 1 : 1 8 jM 
32 bil mds dau bus on OftAM.diafJt.QI. 



Table A . s . 6 Co„f iguring DRAM_data_width 

a. Default after reset. 

*>. Unused signals are held high impedance. 

A- 5, 9 row address width 

The number of bit* *-k»*. 

the row address is oon^i . 3 ln order to Provide 

aaress is configured by the reoistpr 
row address bits register, 




# • 
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A.S.io^ddr.aa bits 

On-chip, a 24 bit address is generated. How this 
address „ used to form the row and column addresses 
depends on the width of the data bus and the number of bits 

Permit ! " ^ addr6SS " S °" «"»^«tion. do no 

Permxt all tne internal address bits to be used and. 

therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
Port.on of the address. Accordingly, this maximizes the 
rate at which the DRAM is naturally refreshed. 




Table a. 5. 8 Mapping between internal and external address., 



10 



15 



20 



25 
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A.5.i»»i» Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 5.8) . 

A. s. 10.2 Decoding row address to access more ORAM banks 

Where only a single bank of DRAM is used, the width of 
the row address used will depend on the type of DRAM used 
Applications that require more memory than can be typically 
provxded by a single DRAM bank, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank. 

NOTE : The row address is extracted from the middle of 
the interna! address. if some bits of th . rQw ^ 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits- must select a bank of DRAM 
Otherwise, holes win be left in the address space 
A- 5. 11 DRAM Interface enable 

in the present invention, there are two ways to make all 
the output signals on the DRAM interface become high 
inpedance, i.e., by setting the DRAM_enable register and 
the DRAM-enable signal.. Both the register and the signal 
must be at a logic 1 in order for the drivers on the DRAM 
interface to operate. if either is low tnen ^ interface 
is taken to high impedance. 

Note: on-chip data processing is not terminated when 
the DRAM interface is at high impedance. Therefore, errors 
will occur if the chip attempts to access DRAM while the 
interface is at high impedance. 

in accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 
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15 



20 



25 



20 



Spatia* ftecoder (or the Temporal Decoder) is not in use 
It is not intended to allow other devices to share the 
memory during normal operation. 
A. 5. 12 Refresh 

Unless disabled by writing to the register, no_refresh 
the DRAM interface will automatically refresh the DRAM 
using a-CS5 before TO refresh cycle at an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. values in the range 1.255 can be configured. The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured. It 
is recommended that ref resh_interval should be configured 
only once after each reset. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM . However, the reset time required by the 
decoder chips is sufficiently short, so that it should be 
possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5. 13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers 
CAS_strength, RAS_strength, addr_strength , 

DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances. 

The default strength .after reset is 6 and this 
configures the outputs to take approximately 10ns to drive 
a signal between GND and v DD if loaded witn 24 F 
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10 



sjen^m varue 


Ortve characteristics ! 
— i 


0 




Aoprox. 4 ns/V into 6 p/ toad | 


i 




Approx. 4 ns/V into 12 pf load j 


2 




Aporox. 4 ns/V into 24 pf load | 


3 


1 


Approx. 4 ns/V into 48 pf load | 


4 


1 


Approx. 2 ns/V into 6 pf load j 


5 




Approx. 2 ns/V into 12 pf load | 


6* 




Approx. 2 ns/V into 24 pf load | 


7 




Approx. 2 ns/V into 48 pf load | 



Table A. 5. 9 Output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 5. 13 to A. 5. 16. When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5. 14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Symbol 


Parameter 


| Min. 


| Max. 


j Units 1 


v oo | 


Supply voiiage reiatrve to GNO 


1-0.5 


|6.5 


l v 1 




inout voltage on any ptn 


GNO - 0.5 


| Vrjo - 0.5 


1 v 1 


1 T * ! 


Ooeraang temperature 




*85 


f "C ! 




Storage terro«raiure 


•55 


| *t50 


i ; 



Table A. 5. 10 Maximum Ratings* 

Table A.S.10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
be used to ensure reliability of operation. 



Parameter 





| Supply voltage reiatrve to GNO 




1 »» 


i v i 


GNO 


Ground 


1 0 


i o 


i v ; 


V.H 


input logic T voltage 


1 20 


| v 00 -o.5 


! v ! 


T 1 


input logic '0' vouage 


| GNO - 0.5 


0.8 


I v ! 



Min. 



Max. 



70 



Table A. 5. ii DC Operating conditions 

a. With TBA linear ft/m-in transverse airflow 
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Table A. 5. i 2 DC Electrical characteristics 

as t P h aramSterS «" s P- i£ ied using VaUmM = 0 . 8V 
as the measurement level, 
b. This is the steady state drive capabni 
the interface. 

Transient currents may be much greater. 
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A. 5. 1*^1 ^AC char 



acteristics 



j Num. 


| Parameter 


Min. 




Untl 


NOle * ; 


! '° 


Cycfe ome 


1 - J 


+2 


ns 


I 


! n 


Cycle time 


-2 


*2 


"S 


1 ! 


12 1 


Htgn pulse 


-5 


- 1 


n S 


1 1 


.» 1 


Low puts* 


•" 1 


- 1 


-"I 


I 


» 1 


Cycle time 


• a 1 


+2 | 


~ 1 


i 



Table A. 5.13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 
configured appropriately for its load. 




Table A. 5. 14 Differences from nominal 
values between two strobes 

a. The driver strength of the two. signals must 
configured appropriately for their loads. 



be 
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j Num. 


| Parameter 


Mm. 


Max. 


•Jr.t 


j Noie' : 


19 


J Set ud 'jme 


1 


♦ 3 


I « 


I : 


20 


| Hold time 


-12 


♦ 3 


I - 


I ! 


21 


Address access tirr.e 


•12 


*3 


ns 


12 


Nen valid after strsce 


-12 









13 



Table A. s. is Differences from nominal 
between a bus and a strobe 

a. The driver strength of the bus and the strobe must 
be configured appropriately for their loads. 




Table A. s. 16 Differences from nominal 
between a bus and a strobe 



When reading from DRAM , the dram interf 



DRAK_dataf 31:0] as the TO 



ace samples 



signals rise. 
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| parameter 

| name | numoer 


| parameter 

| name I number 


| oa/ameter ! 
| name | numoer j 


tPC 


10 


tflSH 


16 


IRHCP 
tCPRH 


j 


tflC 


u 


rCSH 




(ASR 


1 19 i 


iRP 


12 


IflWL 




tASC 


i 


tCP 




tCwu 




tos 


i 

i 
i 


tC?N 




tRAC 




tRAH 


1 20 ) 


1 rSAS 


13 


rOAOtOE 




(CAH 


1 1 


(CAS 




tCHR 


< 


tOH 




iCAC 




tcap 


17 


tAR 




(WP 




tRCS 




IAA j 


2i ; 


j IRASP 




tflCH 




iRAL 


1 

! 


tRASC 




tflRH 




IRAO 


22 I 


tACP/TCPA 


14 


tRPC 




I 


iflCO 


15 


CP 








tcsa 




(RPC 




| i 



Table A.S.17 Cross-referenee between "standard" DRAM 
parameter names and timing parameter numbers 
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SECTION A.6 Microprocessor interface (MPI) 

A standard byte wide microprocessor interface (MPI, is 
used on an chips in the video decoder chip-set. However 
one of ordinary skill in the art will appreciate that ' 
microprocessor interfaces of other widths may also be used, 
The MPI operates synchronously to various decoder chip 
clocks. 

A. 6.1 MPI signals 





.wo acove i 0 w cnip enables. Sotn must b- (ow (3 
enable accesses via trie MP!. 
Hi;h indents thai a device wtsneT^ Pf M values 
from ine video cnip. 

This signal snouid be staoie wn.i« :ne -n 0 is 
enabled. 

Accress specie* one 0 I 2" locat.ons in t.i e crio s 
memory map. 

signal should be stable while :ne cr.i 9 is 
enabled. 

8 bit wide oata I/O port These pins are n,gn 
impedance if e ither enable signal is nigA 
An acove low. open collector, interact recuest 
signal. 




Table A. 6.1 mpi interface signals 



■■-MM electrical specifications 




measurement level. 

With TBA linear ft/min transverse airflow. 
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| Syrrool 


Pa/ameier 


Min. 


Max. | Units 


j v ct. Output logic '0* voltage 


0.4 | v 




Open collector output logic 'Of 
voltage 




0.4 


V* 

1 




Outout logic T voltage 


2.4 v 1 


'o 


Output current 


i 100 j u-A 9 


'Ooe 


Open collector output current 


*-0 8.0 j rr.A e j 


j <CZ 


Output oft state reakage current 


| =20 ixA | 




Input leakage current 


= 10 uA | 


! 're RMS power supply current | e^n j ^ j 




Input capacitance 






Output / to capacitance 


s ! j 



Table A. 6. 4 DC Electrical characteristics 

^O- looc nun 

This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

When asserted the open collector lrq" output 
pulls down with an impedance of 100O or less. 



a . 

- b. 

5 

C . 
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A.6.2.T* -AC characteristics 




The h "* -terface rea d t iaing 

The choice, in this example, of enaBTero, 
to start the cycle and enaFTefi, to end it 
is arbitrary. These signal are of equal 

status. 

b. The access ti me is specified for a maximum 
load of 50 p F on each of the data[7 0] 
Larger loads may increase the access time 



Chancr ens tc 
wm« data sei-u 0 time 
Write data hold om« 



Min. 
15 
0 



Wax. I unit J Notes 



Table A. 6.6 Microprocessor < 

P essor interface write timing 

a- The choice, in this example, of enaBTe [0 ] 
to start the cycle and en^ ( x , to end 
it is arbitrary. These signal are of equal 



status . 



10 



o 

±i 15 



30 
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A. 6 . 3 Materrupts 

in accordance with the present invention, "event" is the 
term used to describe an on-chip condition that a user 
might want to observe. An event can indicate an error or 
it can be informative to the user's software 

There are two single bit registers associated with each 
interrupt or "event". These are the conation event 
register and the condition mask register. 
A. 6. 3.1 condition event register 

The condition event register is a one bit read/write 
register whose v alue is set to one by a condition occurring 
within the circuit.. The register is set to one even if the 
condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 
user's software resets it (or the entire chip is reset). 
The register is set to zero by writing the 
value one 

writing zero to the -register leaves the register 
unaltered. 

2° The register must be set to zero. by user 

software 

before another occurrence of this condition can 
be observed. 

The register will be reset to zero on reset. 
2= A. 6. 3. 2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register(s) 
is (are) set. If the condition event is already set when l 
is. written to the condition mask register, an interrupt 
request will be issued immediately. 
The value 1 enables interrupts. 
The register clears to zero on reset. 
Unless stated otherwise a block will stop operation 
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25 



30 



afterdating an interrupt request and will re-start 
operation after e.ther the condition event or the condition 
nask register is cleared. 
A. 6. 3. 3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions inconsecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a ma sk for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
summarizes the event activity on the chip. The chip event 
register presents the OR of all the on-chip events that 
15 have l in their mask bit. 

A 1 in the chip mask bit allows the chip to generate 
interrupts. A 0 in the chip mask bit prevents any on-chip 
events from generating interrupt requests. 

writing 1 to o to the chip event has no effect. it will 
only clear when all the events (enabled by a. 1 in their 
mask bit) have been cleared. 
A. 6. 3. s The irq signal 

The iTq signal is asserted if both the chip event bit 
and the chip event mask are set. 

The Irq signal is an active low, "open collector" output 
whichjrequires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of ibon or 
less . 

I will be appreciated that pull-up resistor of 
approximately 4kn should.be suitable for most applications. 
A. 6.4 Accessing registers 

A. 6. 4.1 stopping circuits to enable access 

In che present invention, most registers can only 
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10 



not b. ^'"^ BO> ,. v . r , th . tloc x .„ 

r „r.;:; r^r/." — •»> 

register while its access register is set t 



are undefined. 



* c a 2 Reaietere holding integer* 

X. 6.4.2 Regie*.* the memory ma p 

The least significant bit of any oy 

•-♦-^ with the signal data[0]. 
is that « S °" a \ ed ho W 1 1 d th in t t h egers 9 valueS greater than 8 hits 
Registers ^ consecutive byte locations in 

are split over either , or < ^ ^ ^ ^ 

the memory map. The Dyne made abou t the 

in Figure 55. However, no assumptions are m 
order in which bytes are written into multi-byte 

"tu^ bits in the memory map will return -a, 

~r-wii n i r.i T T:r:; . » - 

signed register will be S ^~te bit Lory map 
memory map location (two bytes, . integer will return a 0 
30 location holding a 12 bit unsigned integer 
from its most significant bits. 

X„ the present invention behinQ 
accessed memory map locations have o 
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2 myh ~**:- * "•c./l.ol.- has two .registers associate, with 

keyhole address specifies a location within an 
extended address * ^ an 

5 keyhole data re^ T " 3 ^ ° perati °n to the 

y oie data register accesses the- location specified bv 
the keyhole address register. * 
After accessing a keyhole data register the associated 

"I I :en a d d e d d reS d S d re9iSter — " ^ 

the extended address space is only possible by writing a 

- new value to the keyhole address register for each access. 
A chip ln accordance with the present invention, may 
have .ore than one "keyholed" memory ..p. There is J 
interaction between the different keyholes. 
A- 6. 5 Special registers 
15 A. 6. s.i unused registers 

Registers or bits described as "not used" are locations 
n the memory map that have not been used in the current 
-Plantation of the device. In general , tne v . lu . ^ 

.. szr*"- — ° to th . s . locati :; s . 

art^ a / PreCiatSd * of ordinary skill in the 

art, xn order to maintain compatibility with future 
variants of these products, it is recommended that the 

s ~: s sh ~rr upon vaiues <~ - 

Similarly, when configuring the device 

v,;:: r" lo " s ,,,ouid * itn " ** - « - «v 

A-6.S.2 Reserved registers 

Similarly, registers or bits described as "reserved" in 
^ e present invention have un-documented effects on the 

' e ° f the device and Should not be accessed. 

A.6.S.3 Test registers 

Furthermore, registers or bits described as "test 
agisters" control various aspects of the device's 
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testability. Therefore, these registers have no 
application in the normal use of the devices and need not 
be accessed by normal device configuration and control 



software . 
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SECTION A.7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 

As data passes between different clock regimes within 
the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 30 MH,. However, one of 
ordinary skill in the art will appreciate that other 
frequencies, including those greater than 3 0KHz, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 
rate. Accordingly, this clock can be used to provide 
audio/ video synchronization. 
A. 7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 
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Signal Name 


Input/ ' 
Out out 


Description 

i 


coded.ciock 


Input 


This Cock controls eata ;rans.'er m to ine cocea eata 
port of me Spatial Decoder 

On-chip this clock controls tne processing 0/ me 
coded eata until ii reaches tne coded data buffer. 


decoder.etock 

l 

I 

1 

1 


input 


The decoder ciocK controls tne maionry of me j 
processing (unctions cn tne Spatial Decoder. j 

The decoder dock also controls tne trans.'er ol data 
out ot me Spatial Decoder threugn tts outoul oort. 



Table A. 7.1 Spatial Decoder clocks 
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A. 7.2 -Temporal Decoder eloclc signals 

The Temporal Decoder has only one clock input: 



Signal Name 


Input/ 
OutpUT 


Description 

i 


decoa«r_ciocK 

1 


Input 


The decoder doc* controls alt of :ne processiPc. j 
functions on the Temooral Decoder j 

The decoder dock also controls irans.'er 0 f data tn - 0 \ 
the Temporal Decoder mrougn its .nput oon and out ; 
via us ououft oon. I 


Table 


A. 7.2 Temporal Decoder clocks 



-7.3 Electrical specif icati 




5 



Table A. 7. 3 Input 



lock requirements 
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Table A. 7. 4 clock input conditions 
A. 7. 3.1 CMOS levels 

The clock input signals are CMOS i nputs v is 
approx. 70% of V anri v tHmm 

«... i„ t .„.<=.. ...j; tB , t \». 5 " i " ific " i ° ns tor 
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SECTHDN A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
using a bed-of-nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture", now adopted by the IEEE as 
standard 1149.1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device. 
The test circuitry is transparent in normal operation, but 
in test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device. 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out and checked 
by relatively simple test equipment. By this means, the 
inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
Port (TAP), which consists of five pins. The Trst (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 
device doesn't power-up in test mode. The tck (Test clock) 
pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 
bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
manufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
5 all device outputs may be made to float by a simple JTAG 
sequence. 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. 
10 A. 6*1 Connection of JTAG pins in non-JTAO systems 



i ■ I 





Signal 


(Direction 


(Description 




trst 


Inpul 


This pin nas an internal pull-up. but must be taken 








low at power-up even if me JTAG fea.ures are noi 








being used. This may be acnieved by ccrnecong 


* 






trst in common with (he chio reset pm reseL 




tdi 


Input 


These pins have internal pull-ups. arc .-ray oe left 




tms 




disconnected it the JTAG circuitry is r.ot being used. 




te*' 


Input 


This pin does not have a ouil-up. ano sncuid be lied 
to ground if the JTAG circuiiry is not use;. 




tdo 


Cursor 


Hign impedance except during JTAG scan 1 

1 

Operations. 11 JTAG is not oeing used, r.is pin may ! 
be let disconnected. j 



Table A. 8.1 How to connect JTAG inputs 



L«vel of Conformance 
A. 8.2.1 Rules 

All rules are adhered to, 
be noted: 
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to IEEE 1149.1 

although the following should 




5.3.1(a) 



62.i(e.f) 



7.1.1(0) 
7-2. KO 



The trst pin is provided. 

Guaranteed for ail public instructions (see (EES mg.i 
5.2.1(c)). 

Guaranteed for ail public instructions. For some crrvate 
insmjcoons. the TOO pin may be acove during any of ate 
stares Capture-Off, Exiti-DR. E«t-2-0fl & Pause-DR. 




Power on-res«t is achieved by use of the trlt 



pm. 



Un-aiiocaced instructi on codes art tqurvaJeni :o 3YPASS. 
There is no devce 10 register. 



A code for the BYPASS instruction is toaded m tne Test-locc- J 
Reset su;e. ■ 



/ 



Table A. a. 2 jtag Rules 
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Rules 


| Description 


7.8.1(b) 


Stngfe-steo operation recuses er.ernai ccn^c) o( r-e system 
clock. 


7.9.J{...} 


There ts no RUNSiST (ac:iir/. i 


Ml. !(...) 


There is ro ICCOOS instruction. | 

i . i 


7. 12. !(...) 


There is no USERCOOE ins;ruc::on. j 


3.1.1(b) 


There ts p.o device identification register, j 


3.2.1(c) 

i 


Guaranteed .'or alt puciic insi-ucuons. Th« accarer.t :engtn oi 
(he gam from tdi to Wo .-nay change under certain 
circumstances while private instruction coces are loaded. 


3. J. i IC'l) 


Guaranteed for all public ir-strucsons. Oata may be loaded at 
limes other man on the rising edge of tck wntie rrrvate 
instructions codes are loaded. 


10.4.1(e) 


Ouring IfVTEST. the system clock pm must be ccnrcited j 
externally. j 


10.5. :(c) 


Ouring IN7E57, output ems are controlled by data shifted m via j 

tdi. j 

i 



□ Table A. 8. 2 JTAG Rules 

rf A. e. 2. 2 Recommendations 



j Recommendation 


Description | 


3.2.1(b) 


tck is a htgrvimo«dance CMOS input. j 


3.3.1(c) 


tms has a fugn impedance ouil-up. | 


3.6.1(d) 


(Applies to use of chio). - 


3.7.1(a) 


(Applies to use of chip). j 


6.1.1(e) 


The SAMPLE/PRELOAD instruction code * ;cacec Curing j 
Caorure-iR j 


j 7.2.1(0 


Th« INTEST insoxcoon is supported. | 


| 7.7.1(g) 


Zeros are loaded at system output p.ns during EX7E57. j 


| 7.7.2(h) 


All system outputs may be S ei high-impwJir.ee. 1 


! 7 -3.l(0 | 


Zeros are loaded at system input pins* during INTES7. 


a.i-i(o.e) 


Oesign-speoftc :esi eata registers are not p u8 iiciy accessible I 



Table A.8.3 Recommendations met 



• 
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Recommendation 


Description J 


10.4.1(f) 


uunng tXTtST, m* »gnaj driven into the or«h.p logc from 
the system dock pm g inat supplied external*. 


Table A. 8 * 4 


Recommendations not implemented 


.3 Permissions 





Permissions 



3.2.1(c) 

r.3.i(a) 
'3.1(c) 

10.3.1(h) 
10.3.1(i.i) 



> not used to capture de^cn-scea.lc 



Description 

Guaranteed for ill poolic instructions. 
The insta-caon register is i 
information. 

Several additional 0libiic instructions"^ prov, e eg 
Several private irutrucflon cod es are a/locaied. 
(Rute?) Such ins^ons codes are documented . 
Additional codes perform identically to BYPASS. 
Each output p^n h«itsown3 .»ute control. 
A parallel ta ten is p rovided. 

During EXT EST, input pins are control by data «« M ,„ vta 



tdl. 



3-staie ceils are not forced 



inactive in the Test- Logic -Reset 



state. 



le A. 8. s Permissions met 



* ft 
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SECTION A.9 Spatial Decoder 

• 30 MH, operation 
•Decodes MPEG , J PE G & H.261 

Coded data rates to 25 Mb/s 
5 Video data rates to 21 MB/s 

• Flexible chroma sampling formats 
•Full JPEG baseline decoding 
•Glue-less DRAM interface 

■ Single *5V supply 

10 -203 pin PQFP package 

Max. power dissipation 2 . 5W 

■ Independent coded data and decoder clocks 
p -Uses standard page mode DRAM 

;0 The Spatial Decoder is a configurable VLSI decoder chip 

g 1= for use in a variety of J PEG , MPEG and H.261 picture and 

m video decoding applications. 

% In 3 n,inimum configuration, with no off-chip DRAM the 

W Spatial Decoder is a .single chip, high speed JPEG decoder 

Adding DRAM allows the Spatial Decoder to decode JPEG 
encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video- 
can be decoded in real-time. 

with the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG) 704X480, 30Hz, 4:2:0 MPEG video can be decoded. 

Again, the above values are merely illustrative, by way 
of example and not necessarily by way of limitation of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges nay 
30 be used. ' 



in 

m 2 0 



25 
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cocto_clock 



172. 171. 169. t66. 167. 166, 1*4. 
163 



coced_erTn 



: coded_vafid 



cadta.accept 



addr[6:0] 



136.135.133.132. 131.130.128 



dau(7:0J 


0 


1S2. 151. 149. U7, 145. 143, Mi. 
140 


hi ,f( J 

;t= DflAM_oata(3l:0J 


0 
I/O 


1 154 

15. 17, 19.20.22,25.27.30.31. 
33. 35. 35. 39. 42. 44. 47, 49, 57. 
59.61.63. 66, 68. 70. 72. 74,76. 
79.81.83. 84.85 


1^ CSAM_addr(l0:01 

i~ f 


0 


184. 186, 188. 189. 192, 193.195. 
197. 199. 200.203 


j HAS 


0 


11 


j £^(3:0 J 


o 


2. 4. 6. 6 


1 ^ 


0 | 12 



Usetj to SCDCly 
coded data or Tokens 10 tne Swuai 
Oecoder. 




See section a. 6.1 



DRAM Intenac* 



See section A.5 2 
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Signaj Name 


IAD 




Pin Number 




aeco4«r_eiock 


1 


177 




The mam aecooer ciock. See secoon 
A.7 


reset 


1 


160 


Reset. 



Table A.9.1 Spatial Decoder signals (contd) 



Signal Nam* 


I i/o 


J Pin Num. 


Description 


tphOish 


1 


122 


If override « i then tphOish and tphlish are 


tphlish 


1 


123 


inputs for the on-chip two phase dock. 


override 


1 


110 


For normal ooeraoon set override « 0. 

tphOish andtohtilh are iar.armr* ftrt c^nnvi 

to GNO or V 00 ). 


chip test 


1 


111 


Set cniptesl a 0 lor normal operation. 


troop 


1 


114 


Connect to GND or V 00 duing normal 
operation. 


ram test 


1 


109 


If mmtest ■ i test ol the on-chip RAMs is 
enaWed. 

Set rem test ■ c for normal operanon. 


pllsefect 


1 


178 


If pHselect * 0 -jte on-chip phase locked 
loops are disabled. 

Set ptlseteci * 1 for normal operation. 


li 


1 


180 


Two doe*s required Oy T\e OPAM interface 


tq 


1 


179 


during test opera ban. 

Connect to GND or V 00 duing normal 
operation. 


fXJOUt 


o 


207 


These two pins are connections for an 


Win 


1 


206 


external filler for the phase lock loop. 



Table A.9.2 Spatial Decoder Test signals 
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Pin SignaJN4m« I Pil 




Spatial Decoder Pin Assignments 




— r '~i 'u 

Tab* A.9J Spatial Decoder Pin Assignments 



74 | DFUM_f-ata(271 

73 | nc 

72 | DnAM_daa(2S) 

71 | Cr=AM_tfata{29| 

70 | GNO 



22 
21 
20 

:S 
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l.-c 



173 



trsi 



121 



GND 



1 69 |cP.AM.5ata[3C! 117 



|cac;efl.eataf7l 



172 



(do 



120 



ORAM_dataf9J 



66 



lis 



171 



nc 



119 



1 67 CRAM.<-aia(3iJ 



IS 



j voo 



170 



VOO 



118 



ORAM_data(lO| \s6 jvOO 



14 



, cocw.eatafSJ 



M59 tms 



117 



VOO 



he 



: 13 



c=eed_;a:aJ4| 



:2Cec_cata{3| 



168 



167 



tdi 



116 



nc 



|54 jw? 



115 



DRAM_daa(i t) 



S3 



12 



Ml 



iotfed.caia{2] 



186 



(est pin 



1U. 



nc 



62 



nc 



ho 



GND 



coeed_ea;a{il 



165 



GNO 



113 



DRAW_data/i2] f 6 1 gno 



164 



ORAM.tn«M« 



112 



GNO 



60 Ca5i'0| 



:cce<j_iaia(OI 



rccttJ.acceri 



1 63 test pin 



111 



152 test pin 



1 6 1 test pin 



110 



109 



0RAW.daU(l3! 



59 



nc 



nc 



■S3 



OfUM_dau(uj 



57 



VOO 



!5 



| reset 

ivoo 



160 nc 



108 



VOO 



135 



|Ca5(2| 



159 nc 



107 



nc 



5S nc 



nc 



158 



nc 



106 



nc 



nc 



157 



105 



nc 



nc 



Table A.9.3 spatial Decoder Pin Assignments (contd, 

A. 9. l.i "nc" no connect pins 

The pins labeled nc in Table A.9.3 are not currently 
used these pins should be left unconnected. 
A -9. 1.2 v„„ and gnd pins 

ns win be appreciated by one of ordinary skill in the 
art, an the V(jo and GND pins provided should be connected 
to the appropriate power supply. correct device operation 
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• 



canno^b* ensured unless all the v 1)U and GND pins are 
correctly used. 

A. 9. 1.3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
internal test use. 



j Pin numoer 


Connection 


j Connect to GNO tor norma) ooeration 


i Connect to V go for normal ooeration i 


t 


Leave Open Circuit lor .T-.crmal oceraticn f 



Table A. 9. 4 Default test pin connections 



A . 9 . l . 4 jtag pins for normal operation 

See section A . 3 . l . 



% 
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A. 9 .2 ^S^atial Decod 



er memory map 



Addr. (hex) 



Register Name 



See table 



0x00 ... 0x03 



Interrupt service area 



A.9.S 



0x04 ... 0x07 



0x08 ... OxOF 



Input circuit registers 



Stan code detector reamers 



A.9.7 



Oxio ...0x15 



Buffer startup control registers 



A.9.8 



0x16 ...0x17 



Not used 



0x18 ... 0x23 



DRAM interface configuration registers 



0x24 ... 0x26 



Buffer manager 



A.9.9 



and keyhole registers A.9.IC 



0x27 



0x28 ... 0x2F 



Not used 



Huffman decoder registers 



A.9.13 



0X30 ... 0x39 



Inverse quantiser registers 



A.9.M 



0x3A... 0x38 



Not used 



0x3C 
0x30 ... 0x3F 



Reserved 



Not used 



0x40 ... 0x7F 



Test registers 



Table A.9.5 Overview of Spatial Decoder 



memory map 
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O»02 



»'«9«l.fngth_couni.fn«»k 



reserved write 0 to this location 

-"wLmes* 

«top_eti»r_ pteture,m >> n 

idct.too.few,eveni ID CT_Q€FF nuu 
fdct.too.meny.event /OCT SUP& I^NUM 
eceept.enettle.evefii aS.STWSu^eyp f y, f/VT 



counter_fiu»heo.too.e«rty_«»« n , 

BS_FLUSH_BEFO*^TARGET_ M £T Fvfvt 
counter.fluehed.event BS.FIUSH^^NT 
P*r%*r_t**m D€MUX_EVENT 
° ( riuttmen_ev«nt HUFF MA N_ FV£ /VT 

Table A.9.6 Interrupt service area registers 
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Addr. 


sn 






(hex) 


num. 


fleeter Name 


Page references 


0i03 


7 


j 'dct_ioo_few_m*sk i 




6 


idct_too_many_masi( 






5 








4 


target_m«t_m*sk " i 




3 


countermine ft«d_too_Mrty_m«sk 






2 


count* r.flushcd.masit | 




. t 


parw.mMk " j ~ 




0 


htrffm«n_m«k j 



Table A. 9. 6 interrupt service area registers (contd) 



* % 
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(hex) 


Bit 
num. 


Register Name 


Page references 


0x04 


7 


coded_busy i 




6 


enaWe.mpMnput 




5 


coded_««n 






4:0 


not used 




! 0x05 


| 7:0 


coded.data j 


1 0x06 

i 


| 7:0 


not used | 


j 0x07 


1 7:0 

J 


not used | 


| dee 


7:1 


not used 






0 


start_code.d«t«ctor_«cc«*s 
•iso input.circurt.access 
CED_SCO_ACC£SS 




0x09 


7:4 


not used C£D_ SCO__ CONTROL | 




3 


stop.«n«r_p«eture 1 




2 


discard.t nension_d« ta 






1 


discard. u««r_dau | 




0 


Ignore.non.att^ned | 


OxOA 


7JS 


noi used CEP_SCO_ST*7VS | 




4 


ins«rt.s«qu«nce_sta rt 




3 


discard .aii.dau | 




2:0 


start.cod«_»«arcn | 



A.9.7 Start code detector and input circuit registers 
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Addr. 
■ (hex) 


5il 
num. 


Register Name 


Page references 


0x08 


7:0 


Test register length.count 




OxOC 


7:0 






0x00 


72 


not used 






1:0 


» t > rt _code_detector_coding_sundard 




OrOE 


7:0 


surt_vifu« 




OxOF 


7 A 


not used 






3:0 


plclure.numoer 




Table A. 9.7 Start code detector and input circuit regis 


ters (contd) 


(■"■ex) 


3.1 
num. 


Register Name 


Page references 


CxIO 


7:1 


not used 






0 


sttrtup.eecess CED„BS_ACCESS 




0x11 


7:3 


not used 






2:0 


bit_count_pr*sca<« CED_8S_PR£SCALE 




0x12 


7:0 


bft,count_ttrget CED_8S_ TARGET | 




0x13 


7:0 


bit.count CED_OS_COUNT 






7:1 


not used 




1 o 


offchip.queu* C£D_BS_QUEUE 




0x15 


7:1 


not used 






0 


enaWe.stream CED_BS_ SNA 8L£_ /VXT_ S TK4 


Table A.9.8 Buffer start-up registers 



# % 
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ACdr. 
(hex) 


Sit 
num. 


Register Name 


Page references 


0x18 


7:5 


not used 






4:0 


P*9«_*»rt_l«ngtti 

n - PAGE^ STARTING TH 




0x19 | 


7:4 


not used 






3:0 


'«*d_eyclej«ngm 




OxlA 


7:4 


not used 






3:0 


wnte_cycl«_*tngm 1 



Tabte A.9.9 ORAM interface configuration registers 



i-s 



I num. 
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»ro_ buffers 



7.-0 



ORAM_dat«_wlatft(l;0) 



T€at fcgintcs CED_PLL.RES_CONFlG 



Table A.9.9 DRAM interface configuration registers (contdj 




Table A.9.10 Buffer manager access and keyhole reqi 



egisters 



* % 
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Addr. 
(h«x) 


Bit 
num. 


Register Name 


Pag* references 


0x00 


7.13 


not used 




0x01 


1-2 




1:0 




1 


0x02 


7:0 






0x00 


7.-0 




0x04 


7:0 


not used 




OxOS 


75 




1:0 


cdb.lengtfi 




0x06 


7;0 




0x07 


7:0 




0x06 


7:0 


not used 




0x09 


7:0 


cdt>_r«ad 




OxOA 


7:0 




0x08 


7:0 


OxOC 


7:0 


not us«d | 


OxOO 


7.-0 


cdb.number 




. OxOE 


7:0 


OxOF 


7:0 


0x10 


7:0 


not us«d | 




0x11 


i-a 






0x12 


7:0 


0x13 


7.-0 


OxU 


7:0 


not used 




0x15 


710 


tt>_tength 




Cxl€ 


7:0 


0x17 


7:0 


0x16 


7ft 


not used 




• 0x19 


7:0 


t&.read 




0x1A 


7:0 


0x16 


7:0 


OxiC 


7:0 not used 




0x10 


7:0 


tb_number 




0x1 £ 


7:0 


OxiF 


7:0 



Tabte A.9.11 Buffer manager extended address space 



% 
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num. 



Register Name 



Page references 



0x30 


7:0 


notuseo* 


i 


0x21 


713 


buff«rjimit | 


UX2 


7.-0 






0x23 


7.-0 






0x24 


7:4 


not used 


1 




3 


cdbjull 






2 


cdb.tmpty 






1 








0 


tb_tmpty 





Table A.9.11 Buffer manager extended address space (contd) 





A<Jdr. 


Bit 








(hex) 


num. . 


Register Name 


Page references 




0x28 


7 


demux.accws CED_H_CTRl[7J 




■ 1 






6:4 


hutrm«n_«rTor.cod«:2:0I C£D_H_CTRLf6:4J 








3:0 


P«v*ta Huffman control bits p] selects special 










CBP, (2J sheets 4/8 bit fiwd length CBP 






0x29 


7* 


P*r*«r_em>r_eod* CED_H_DMUX_ERR 




0x2A 


7:4 


not used | 






3-*0 


demux Jteyho*e_addr«s 






0x28 


7:0 


C£D_ KEYHOL£_ADDfi 






0x2C 


7.-0 


d«mux _k*yt*o*e_dat» CED_H_KEYHOLE 






0x20 


7 


aummy_la»t_p<c«jfe CED^H_alu_REG0, 
r_ ebmmx_4csC** me _ 5/f 








6 


fwldjnfo C£0_H.4i.C_fleG0. t^ekt.mfo.oit 








5:t 


not used 








0 


continue CED_H_ALU_REG0. r_conanu*_s,t 






0x2 E 


7:0 


rom_ revision CED_H_ALU_REG 1 




[ 0X2F 


7:0 


private register 


TatoteA.9.12 Video demux registers 



% 
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Table A. 9.12 video 



demux registers (contd) 
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Acer. 


Bit 








(*«) 


num. 


Register Name 


Pace references 




CxCO 


7:0 


not used 






OxOF 










Ox 10 


7:0 








Ox It 


7:0 






0x12 


| 7:0 






0x13 

■ 


7:0 




l 


i 


CxW 


72 


not used 1 | 






1:0 


bufler.sizs r_txjffer_siza 




i — 


7:0 






1 


0x16 


7:4 


not used 




•I 
i 




3:0 


P«L»spect ow/_i5pecf 1 




Ox 17 


72 | 


not used 








1:0 


bit_r«t« r_ &((_/» r» 




j Cx18 


7:0 






* 


7:0 








CxIA 


7:4 


not used 








3:0 


P^c.mie r_>c_r»rt 






Ox1B 


7:1 


not used 








0 


constrained r_eonstr*ined J 


Ci»C ) 


7.0 


ptcture.rype 




0x:0 .| 


7:0 


h2*l_pJc_typ« * 





Table A.9.13 Video demux extended address space (Sheet 1 of 8) 



/ % 
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1 (h«) 


Bit 
num. 


Register Name 


Page references 


1 OxlE 

! 


7-2 


not ustd 




I ! 


i 


1:0 


brofccn.efosed 




i 


j OxiF 


7:5 


not used 




i 




4:0 


pred(Ction_mode j | 


0x20 


7:0 


vov_delay 






0x21 

j 


7:0 






! 


0x22 


7:0 


private register MPEG full ^p**.^. JPEG 
pe ndinQ_fr»me_change 








0x23 


7:0 


private register MPEG full_p«l_bwd, JPEG 
restart-index 








0x2* 


7:0 


private register horiz_mt>_copy 


I 






0x25 


7:0 


plc.nutnfttr 






0x26 


7-1 


not used 






1 -w 


max_h 






0x27 


7-1 


not used 








max.v 






j 0x28 


7-0 


private register scratch 1 






fW?0 1 

j u . « — 


70 I 

7.0 | 


private register seratch2 






0x2 A 


7-0 


private register scratch^ ( 

t 






7-Q 


Nf MPEG unused 1, H261 rigob j 






/ ru 


private register MPEG ftrs^group. JPEG flrst.scan 








private register MPEG in _pcft/r« 








7 


dummy.tasr_picture r_rom_corttroi 






o 


f»e«d Info I 

i 






5:1 


not used 


i 


i 




u 


continue 








7.0 


rom_rev#sion 








/ 2 


not used 






1:0 


dc.huff.O 1 




0x31 


72 


not used 




i 




1:0 


dc_hutf_i 






0x32 


7:2 


not used 








1:0 


dc_hutf_2 







Table A.9.13 Video demux ertended address space (Sheet 2 of 6) 
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j (hex) 


Bit 
num. 


Register Name 


?j?e references 


' 0x50 


7.-0 


f_pftv_mhf 




; cicst 


7:0 






; 0x52 


7:0 


r_prev_(Trvf 




' . Cx53 


7:0 


I 


! oxs* 


7:0 


r_prev_nViD 




0x55 


7:0 






0x56 


7:0 


r_prev_mvb 




0x57 


7:0 






0x58 
OxS? 


7:0 


not used 




0x60 


7.-0 


r_horii_mbcnt 




0x61 


7:0 






0x62 


7:0 


r_veft_mtent 




0x63 


7:0 




0x64 


7:0 


hora.macrobfocks r_horu_m6s 




1 0x55 


7:0 






j 0x66 


7:0 


v«n_macroOlocka r_vert_m6s 




! 0xS7 


7:0 


i 


0x66 


7:0 


private register r_r esurient 




0x69 


7:0 






0x6A 


7.-0 


restartjntervai r_restan_int 




0x6B 


7:0 






0x6C 


7$ 


private register r_b»c_h_cnt 




0x60 


710 


private register r_txk_v_cnt 


OxSc 


7:0 


private register r_compid 


i 
1 


0x6F 


710 


max_component_id f_max_eomp»d 


1 

J 


0x70 


7:0 


eodtng_sund*rd r.codmg^std 


j 


0x71 


7:0 


private register r_p*nem 


i 


0x72 

1 


7 tO 


private register f_N*d_r_st2e 




0x73 


7:0 


private register r_&wd_r_jix« | 


0x74 
0,77 


7:0 


not used 




0x78 


72 


not used 






1:0 


Woeks.h.O r.btk.h.O 





Table A.9.13 Video demux extended address space (Sheet 4 of 6) 
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Qxv.o 
OxIlF 



0it20 
0r13F 



OzMO 
Ox!4F 



7:0 



ac_t>it5_1I15:0] C£D_H_K£Y.DC.CPB1 



no(us«d 



7.-0 



0x150 
Or15r 



7:0 



*c.b«ts_0{15:0J CEO.H.KEY.AC.CPBO 



«_t>fU_1(1S:0] CED_H.KEY_AC_CP91 




Table A.9.13 Video demux extended address space (Sheet 5 of 8) 



t 



244 



Addr. art 



num. 



Register N*rt« 



p *5< references 



0*189 J 7.-0 
OxifiA I 7:0 



0x168 

oxiec 



«c.cot), i CED_H_KSY_E06 JNOEXt ~ J~~ 
not used 



7:0 | *c.rrt.O CED_H.Kc 



Ox 180 I 7.-0 
OxISS I 7:0 



Ox IFF 

0x200 

0x2AF 

0x280 

0x29 F 

Ox2C0 

0x2Fr 
0x300 

Ox3AF 

0x330 

0x38F 



7:0 



7:0 



7:0 



7:0 



KEY.ZRLJNOEXO 
<C.Zf1.1 CED .H.KEY.ZHL.INOEX 1 
not used 

•c.hutN.LO( 16U0J CEO.H.KEY.AC.fTOO.o" 
dc.huttv« L 0( 1 1 :0 j CED.H.KE Y.0CJTO0.0 
not used 



•c.hurrv. L i ( 1 6 , :0 j ced.h.ke y. AC,rroo. i 

7:0 I ae.huffv l |_ l i 1t :0JCEp_H_KEY_OCjTO0.l 




space (Sheet 6 of 8) . 
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1 Addr. 
(hex) 


8»t 
num. 


Register Name 


?a;e references 

i 


OxAC 
8 


7:0 


C£0.K£Y.0MX_WOR0_8 




OxAC 
9 


7:0 


CEO_KEY_CMX_WOflO_9 




OxAC 

A 
OxAC 

S 


7-0 


not used 




OxAC 

c 


7:0 


CSD_KcY_OMX_AINCfl 




OxAC 
D 


7:0 






OxAC 
£ 


7:0 


CED.K£Y.OMX.CC 




OxAC 
F 


7:0 


i ! 



Table A.9.13 Video demux extended address space (Sheet 3 of 



8) 



Aodr. 
(hex) 


Bit 
num. 


Register Name 


Page references 




7:1 


not used — | 


0x30 


7:1 


not used 


i 




0 


| lq_sccess 




0x31 


72 


| not used 






1:0 


l(L.coding_sanoard | 


0«2 


7:5 


not used " 




4:0 


test register iq_scj)« 




0x33 


72 


not used j 




- 1 


test register iq_component 


0x34 


72 


not used 






1:0 


test register inverse.que miser _j>redic:ion_m 0 ae j 


0x35 


7:0 


test register Jpegjndlneeilon ! 

■ ! 



Table A.9.14 Inverse quantiser registers 
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Aodf. 


Bit 






(hex! 


num. 


Register Name 


?a~e references | 

i 


0x36 


72 


not used 


! 




1:0 


test regtsrer mpegjnairection j j 


0x37 


7:0 


not used 


! 


Cx3fl 


7:0 


iq_tj&le. key hole. address 


1 

l 


0x39 


7:0 


lq_tabie_keynoie_data | 


i 



Table A. 9. 14 Inverse quantizer registers (contd) 



Addr. 
(hex) 


Register Name 


| 

j i-a;e references j 


0x0O:0x3F 


JPEG inverse Quantisation taoie 0 
MPEG default intra taoie 


1 

i 
i 


0x4O:0x7F 


JPEG inverse quanusaaon table i 
MPEG default norvintra table 


i 
i 


0x90:0x9F 


JPEG inverse quantisation table 2 
MPEG £own.)oaded inra table 


i 
1 

r 

i 


0xC0:0xFF 


-PEG inverse cuanssaoon table 3 
MPEG down-loaded non-intra table 

! 


i 

i 



Table A. 9. 15 Iq table extended address space 



# % 



10 



15 



20 
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SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 

• The coded data input port 

•The microprocessor interface (MPI) 

The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
mixture of MPI and coded data port input. - 
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The coded data port 



codtd.ciock 



coded_e«n 



eoaed.vaiid 



codtd_icctpt 



input / 
Output 
Input 



input 



Input 



Output 



Input 



A doc* operating at up to 30 MHz controlling - e 

operation of tne i npm circuit. 

Tne standard 1 1 w,r M required t0 .m D .emenf a 
Token Pon tr.ns/.rri„g 8 bit data values. See sec:=n 
A - 4 tor an electrical descnpoon of this 

interface. 

Circuits off<hip must package :ne coced s a:a ,n [3 
Tokens. 

When high mis signal indicates mat info/mauon ■$ :a 
&e trans/erred across the coded data pon m *y ff 
mod* rather than Token mode. 



Table A. 10.1 Coded data port signals 
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Thea-coded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode. 

A. 10. l. i Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
coded_accept. See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
[7:0], coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 

If, however, byte_mode is high, then a byte of data is 
transferred on data[7:0] under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

1) First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10. 2 Supplying data via the MPI 

Tokens can be supplied to the Spatial decoder via the 
MPI by accessing the coded data input registers. 
A. 10. 2.1 Writing Tokens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
efficient data transfer. The 8 data bits, coded_data : 7 : o ; , 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 
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(Se»- Table A . 9 . 7 ) . 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each 
tine a value is written into coded_data [ 7 : o J . Software is 
responsible for setting coded_extn to 0 before the last 
word of any Token is written to coded_data [ 7 : 0 ] . 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data ( 7 : 0 ] . The start 
of this new DATA Token then passes into the Spatial Decoder 
for processing. 

Each time a new 3 bit value is written to 
coded_data(7:o; , the current Token is extended. Coded_extn 
need only be accessed again when terminating the current 
Token, e.g. to introduce another Token. The last word of 
the current Token is indicated by writing 0 to coded_extn 
followed by writing the last word of the current Token into 
coded data ,"7:0] . 



Aegi*t«r rame 
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coc«a_a*u(7:0] 



■okens can oe suooi.eo ;o tne Sca:iai Secrcer 
via the MPi 5y wr l8ng (0 tnMe rs;:s:ers 



eoQtd.busy 



1 I 



1 ^« state of in.s rasters <n 0 .ca:es .f i-.e 
Spatoj Oecoder is aoie to accejt 'zktr.s, 
wnnen into coded_data(7:0]. 
T>ie vajue i indicates mat interface r$ r„$y 
and unable to acceot dau. Sehav.our >s 
undefined if the user tries to *m: a to 
coded.data[7:Qi wnen co deo_Bu, v . 
™e vaiue in trus function enao»e rec,. S ;«rs 
controta tether coded data input :o tn« S;a a. 
Oecoder * via tne coded data oon (C; or v,a 
MPr (t). 

Table A. 10.2 Coded data input registers 



% 



252 



E*«A.Vme before writing to coded_data ( 7 : o 1 , coded busy 
should be inspected to see if the interface is ready "to 
accept more data. 

A. 10. 3 Switching between input modes 

Provided suitable precautions are observed, it is 
possible to dynamically change the data input mode m 
general, the. transfer of a Token vxa any one route should 
be completed before switching modes. 



= n 




The on<ni 0 circuitry will um me fas; syte succ-ec 
byte mode as the last byte of the DATA Token ra: 
>'( was constructing (i.e. the extn on w,n 5e set :o 
3efore acceoong ;he neit Token. 



Table a. io. 3 switching data i 
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j C) refore sei«c::r.c. syte moce. 




j MPI rr.CUt 
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Access ;o incut vta :ne mpi wni .-c; :e ;:ar.:ec ,i.e. 
c=eed_5usy will remain set :o :) cnsi :.*e o.*!<.- : - 

i 

circuitry sucoiyip.; Lie Token m 7;«*p .-oc*e ras 
completed tr.e Token (i.e. w*h re exn :u of ;,-e :ast 
byre of information set to 0). ' 


MPI incut 




The control software must have :~-~-ie:ec: „-.• ; 




MPI incut 

1 


Token w\xn tne e*tn bit of the ias: ;>*« zt I 
information set to 0) before enabie.moMnput .s se: 

to 0. 



Table A. 10. 3 switching data input modes (contd) 

The first byte supplied in byte mode causes a DATA Token 
header to be generated- on-chip . Any further bytes 
transferred in byte mode are thereafter appended to this 
DATA Token until the input mode changes; Recall, DATA 
Tokens can contain as many bits as are necessary. 

The MPI register bit, coded busy, and the signal, 
coded_accept, indicate on which interface the Spatial 
decoder is willing to accept data. Correct observation of 
these signals ensures that no data is lost. 
A. 10.4 Rate of accepting coded data 

In the present invention, the input circuit passes 
Tokens to the Start Code Detector (see section A. 11). The 
Start code Detector analyses data in the DATA Tokens bit 
serially. The Detector's normal rate of 
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proceasiag is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information. 

After the Start Code Detector, data passes into a first 
logical coded data buffer. If this buffer fills, then the 
Start Code Detector will be unable to accept more 
information. 

Consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI, 
while the Start Code Detector is unable to accept more 
information. This will be indicated by the state of the 
signal coded_accept and the register coded_busy. 

By using coded_accept and/or coded_busy , the user is 
guaranteed that no coded information will be lost. 
However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded data (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A. 10.5 Coded data clock 

In accordance with the present invention, the coded data 
port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock. Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A.ll Siart code detector 

A- 11.1 Start codes 

As is w.u known in the art< MpEc h 

_ streams contain identifiable bit patterns called a ^ m ° 
= codes. A sinilar function is served in Jp£G fey 
codes. St a rt /marker codes identify significant 

th. syntax of the coded data strea,. The analysis of 
sta r t /marker codes performed fay start CQde 

the first stage in parsing the coded data. The start Cod 
10 Detector is the first hi„-u . Start Code 

, St block on cne Spatial Decoder 

following the input circuit. 

cJ h b YT Um r eker COdS Pa " e " S a " — so that they 

Thus \; With ° Ut d6COding " e *itstrea m . 

Thus, they can be used in accordance with the present 

r n ;;° n st t0 hSlP ^ — - start- 

up. The start Code Detector provides facilities to detect 
errors in the coded data construction and to assist the 
start-up of the decoder. 
A. H.2 Start code detector registers 

20 reg A ist P e r r e s V i°r U e S i y n diSCU "* d ' ~" ° f ^ Doctor 
registers are in constant use by the Start Code Detector 

So, accessing these registers will be unreliable if the 

Start code Detector is processing data. The user is 

2* ZZ b T enSUrin9 C ° de Detector is 

25 halted before accessing its registers 

The register start_code_detector_access is used to halt 
the Start Code Detector and so allow access to its 
registers. The Start Code Detector will halt after it 
generates an interrupt. 
™ There are further constraints on when the start code 

search and discard all data .odes can be initiated. These 
are described in A. 11.8 and A.n. 3 . x . 
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Writing l IO tn«s f* C :s; t , rtcUMIS t - 4| ... J; ~ 
code dttacior stop to aiiow acra« :o ,:$ 
'•9'Sters. 7h. ustr sn 3t :- wait unci :- e .a..« 
can ot rtad from v.* rt;:sttr «di C ac.- ; -a: 
operation h»j sroocrj ar 0 acctw a 



Table A.ll.i start code detector 
registers (Sheet 1 of 5) 
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An illegal lengtn count tvtnt wm ccc^ .1 * nii e 
decoding JPEG data, a 'engtn count *eio :s 
round carrying a value less lhan 2. This snous 
only occur as tne result of an error in me jps 3 
data. 

If ma mask register is tat to l anen an interact 
can be generated and tne start coda det«:or 
will stop. Behaviour following an error is not 
predictable if (ht$ error is suppressed (mastc 
ragister sal to 0). Sn A.it.4,1 
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tptg.ovariapping.turt.avant 



tP«g.ovarlapping_aUrt_mask 



If the coding standard is JPEG and tne , 
Sequence 0*FF QxFF is found wnita locking ' 
a marker coda this event will occur. i 

This saquanca is a lagal scuffing secuer.ce. 

If the mask register is sat to 1 then an intern.:! 
can ba generated and tna stan coda deiec:or 
win stop. Saa A.n. 4 2 



overlapping.* t»rt_ev«nt 



overlapping, sart.mask 



If tna coding standard is MP5G or H.25 t anc j 

an overlapping start coos is found wnile looking ' 

for a stan coda this event will occ*-t. (f tf.e rras< ' 

register is set to I tnen an mtemjst can se 1 
genaraiad and the stan csee daiectcr will s;cc 
See A.11 4 2 



Table A. 11.1 Start code detector registers (Sheet 2 of 5) 
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stan code cetector witt stop, j 


j st3n_vaiue 
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avaiiaste in the re^ster start_vaiue wni« *»e 1 
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stan code detector is nailed. See a. it .4.3 j 
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H.251 operation. The 4 MS3s will 5e rers. | 


stop_after_picture_«v«m 


1 


0 
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stop_aner_picture_ma«k 
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after the end of a picture has passed through 
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the stan code detector. 




stop_after_picture 
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if the mask register is set to 1 then an interrupt 
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can be generated and the s:an cede de:ec:=r 










wilt stop. See A.l 1.5.1 










t top.aner_picture does not reset to 0 after 
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the end of a picture has teen detected so j 
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should oe cleared directly. 



Table A. 11.1 Start code detector registers (Sheet 3 of 5) 
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Wh6n i 9 nor »-"on_«iigneo :S seT^TTTT 
codes that are not byre aligned are ^c.-ec 
(treated as normal data). 



When ignore_non_aiigned is se: : 3 c. 25 1 
ane MPEG start codes win be ce:ec:~: 
regardless of byre alignment and w c r. C n- 
aligned stan event will be generated. 

" th€ ^ '» set to f men evert 

will cause an internet and the start code 
detector win stop. See a. 11.5 
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When these rasters are set to 1 extension cr ; 

user data siat cannot be decoded by j 

SpatiaJ Decoder * discarded by the s:an code j 

detector. See A. 1 1 .3.3 J 

When set to t all data and Tokens are 
discarded by me stan code deiec:or. Th, s ! 
continues until a FLUSH Token is sucked or j 
the register is set to 0 direcOy. 

The FLUSH Token that resets this rec<s:er 3 \ 
discarded and not output By the stan :cce 
detector. See A.n.s.t 
See A. 11.7 
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"«d by ihe sun cede ee:ec:cr. The ~ S ;er 
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Table A. 11. 2 start code detector test registers 

A. 11. 3 Conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and 
to then convert them to the appropriate start code Token 
In the simplest case, data is supplied to the Start code 
Detector in a single long DATA Token. The output of the 
Start code Detector is a number of shorter DATA Tokens 
interleaved with start code Tokens. 

Alternatively, in accordance with the present invention, 
the input data to the start Code Detector could be divided 
up into a number of shorter DATA Tokens. There is no 
restriction on how the coded data is divided into DATA 
Tokens other than that each DATA Token must contain 8 x n 
bits where n is an integer. 

Other Tokens can be supplied directly to the input of 
the start Code Detector. In this case, the Tokens are 
passed through the Start Code Detector with no processing 
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to othfer -stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A. 11. 3.1 Start code formats 

Three different start code formats are recognized by the 
Start Code Detector of the present invention. This is 
configured via the register, 
start_code_detector_coding_standard. 
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Table A. 11. 3 start code formats 
A. n.3.2 Start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. in general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 




Table A.ii.4 Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value . 

Indicates start of baseline DCT encoded data. 
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A. 11.^3^ Extended features of tire 1 coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
be application specific "user data"- that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

Two distinct mechanisms are employed. JPEG precedes 
blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 

In accordance with the present invention, MPEG /JPEG 
blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261/MPEG "extra information" is detected by the Huffman 
decoder of the present invention. See A. 14.7, "Receiving 
20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the start Code Detector to be 
configured to discard user data and extension data. If 
. this data is not discarded at the Start Code Detector it 
25 can be accessed when it reaches the Video Demux see A. 14. 6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present- invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
20 Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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A. 11. 3. 4 JPBO Table definitions 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 
5 generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 
10 A. 11.4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A. 11.8, 
"Start code searching") . 
15 A. 11. 4.1 Illegal JPEQ length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 

2 0 following a data error. In the present invention, this 

will generate an interrupt if illegal_length_count_mask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
25 of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11. 4.2 Overlapping start /marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG , byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 

3 0 the Start Code Detector -first sees a pattern that looks 

like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_mask is set to l. 

It is impossible to tell which of the two start codes is 
5 the correct one and which was caused by a data error. 

However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start- code event has been 

10 serviced. If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 

Similar errors are possible in non byte-aligned systems 
(H.261 or possibly MPEG). In this case, the state of 

15 ignore_non_aligned must also be considered. Figure 65 

illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 

20 Detector and, therefore no overlapping start code event 

will occur* This conceals a possible data communications 
error. If ignore__non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 

2 5 A. 11 . 4 . 3 Unrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecognized_start_mask = 1) . The value of the start code 
that caused this interrupt can be read from the register 

3 0 start_value. 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to coarect . 

A. 11. 4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1 ) Non-al igned start codes 

2 ) Overlapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be 
associated with the non-aligned start code. After this 
event has been serviced, the Start Code Detector's 
operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
start codes are complete. 
A. n. s Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 

There are limitations on using these techniques with 
JPEG coded video as data segments can contain values that 
emulate marker codes (see A. 11.8.1). 
A. 11.5.1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
interrupt and stop once the data for the current picture is 
complete. This is done by setting stop_af ter_picture = l 
and stop_af ter_picture_mask = l. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an in*er«upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the 
output of the decoder chip-set as" this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_al l_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_a 1 l_data is reset via the 
microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. ii.s.2 When to start discard all mode 

The discard all mode will start immediately after a 1 is 
written into the d iscard_a 1 l_da ta register. The result 
will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
25 etc.) has generated an interrupt. 
A. 11.5.3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
data that precedes the- start of the sequence. See A. 11.3. 
A. n.5.4 Jumping between sequences 

This section illustrates an application of some of. the 
techniques described above. The objective is to "jump" 
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from dtps -part of one coded video sequence to another. m 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
5 system. So, the position of entry and exit- points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_after_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
10 discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
15 A.H.6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned = o the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = 0, the 
start code non-alignment interrupt is suppressed. 

In contrast, however, JPEG was designed for a computer 
environment where byte alignment is guaranteed. Therefore 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG , the 
register ignore_non_aligned is ignored and the ' non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = l and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG, on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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orient*^ systems. start codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
5 like a start code, unless it is a start code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
10 occurred. if the error is a "bit-slip" in a bit-serial 

communications system, then data containing, this error will 
have already been passed to the decoder. This error is 
likely to cause other errors within the decoder. However 
new data arriving at the Start Code Detector can continue' 
L= to be decoded after this loss of byte alignment. 
By setting ignore_non_aligned = 0 and 
non_aligned_start_mask = i, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
will be non-aligned (until byte alignment is restored) 
Accordingly, setting non_a 1 igned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 
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A. 11. 7 Automatic Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
5 addition to these "natural" Tokens, some useful "invented" 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODING_STANDARD . Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
10 conditions. 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
Detector"). Therefore the system responds equally to 
Tokens that have been supplied directly to the input of the 
15 Spatial Decoder via the Start Code Detector and to Tokens 
that have been generated by the Start Code Detector 
following the detection of start codes in the coded data. 
A. 11. 7.1 Indicating the end of a picture 

In general, the coding standards don't explicitly signal 
2 0 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTtfRE_END Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 

2 5 SEQUENCE_START, GROUP_STAFT, PICTURE_START , SEQUENCE_END 

and FLUSH. 

A. 11.7.2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 

3 0 passed through. However, a FLUSH Token is inserted after 

the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11. 5.1. 
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Introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). if the register 
insert_sequence_start is set, then the Start Code Detector 
will ensure that there is one SEQUENCE_ START Token before 
the next PICTURE_START , i.e., if the Start Code Detector" 
does not see a SEQUENCERS TART before a PICTL"RE_START , one 
will be introduced. No SEQUENCE_START will be introduced 
if one is already present. 

This function should not be used with MPEG or JPEG, 
A. ii. 7.4 Setting coding standard for each sequence 
All SEQUENCE_ START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
15 coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence. 
A. li. 8 Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
stream for a specified type of start code. This allows the 
decoder to re-commence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it). Applications for this include: 
• start-up of a decoder after jumping into a coded data 
file at an unknown position (e.'g., random accessing), 
•to seek to a known point in the data to assist recovery 
after a data error. 

For example, Table A.n.6 shows the MPEG start codes 
searched, for different configurations of 
start_code_search. The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11.4. 
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. Table A. ii.s Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

When a non-zero value is written into the 
start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

The start code search will start immediately after a 
non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 
Detector should be stopped so no data is being processed. 
The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

A. li. e.i Limitations on using start code search with JPEG 
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Mose-j* EG marker codes have a lg b . t length count f . eid 
associated with them. This field indicates the length of a 
data segment associated with the marker code. This segment 
may contain values that emulate marker codes. m normal 
operation, the Start Code Detector doesn't look for start 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. m general, JPEG coded video will require 
additional external information to identify entry points 
for random access. 
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SECTION A. 12 Decoder start-up control 
A. 12.1 overview of decoder start-up 

short t deC T' Vid6 ° diSPla/ WU1 n0rma1 ^ be *^y°* • 
short t .e after coded data is f . rst avaUable * 

this delay, coded data accumulates in ^ buffers ^ ' 

^ferTn Pre - fiUin9 ° f thS bu «-s ensures that the 

buffers never empty during decoding and. tnis< therefore 

ensures that the decoder is able to decode new pictures at 
regul a r intervals. 

Generally, two facilities are required to correctly 
start-up a decoder. First, there must be a mechanic to 
measure how much dat a has been provided to the decoder 
Second, there must be a mechanism to prevent the display of 
a new video stream. The Spatial Decoder of the invention 
proves a bit counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output 

There are three levels of complexity for the control of 
these facilities: 

•Output gate always open 

* Basic control 

Advanced control 

With the output qate alvavc ^„ . ^ 

r yaue aiways open, picture output will 

Til "! T " P ° SSible 3fter C ° ded data sta "s ^ arrive 
at the decoder. This is appropriate for still picture 
decoding or where display is being delayed fay some ^ 
mechanism . 

The difference between basic fl nH 

oasac and advanced control 

relates to how many short video 

. iaeo streams can be accommodated 
in the decoder's buffers at any time. Basic control is 
sufficient for most applications. However, advanced 

control allows user software to hein <-k~ ^ 

to nei P the decoder manage the 
start-up of several very short video streams. 
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A. 12 . as-, hpeg video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, the term stream is used to avoid 
confusion with the MPEG term sequence. stream therefore 
means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A- 12. 4 fftart-up control registers 
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A. 12.*. output gate always open 

The output gate can be configured to remain open. This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
manage the start-up of. the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing l to startup_access ) : 

* set of f chip_queue - l 

• set enable_stream = l 

ensure that all the decoder start-up event mask 

registers are set to 0 disabling their interrupts 
(this is the default state after reset) . 
(See A. 12.7.1 for an explanation of why this holds the 
15 output gate open.) 

A. 12. 6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token. The gate will remain 
closed until an enable .is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
25 count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing l to startup_access ) : 

-set bit_count_prescale approximately for the expected 
. range of coded data rates 

set counter_flushed_too_early_mask = i to enable this 
error condition to be detected 
Two interrupt service routines are required: 

Video Demux service to obtain the value of 
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can 



S3 



*b\i^delay for the first picture in each new 
stream 

•Counter flushed too early service to react to 
this condition 
5 The video demux (also known as the video parser; 

generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the ' 
video demux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
10 and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A.12.C.1 Starting * new stream shortly after another 
finish** 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
5 A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
10 having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
0 from the first picture in stream B, an interrupt will be 

\Q generated allowing the bit counter to be configured. 

.j=; 15 As the FLUSH marking the end of stream A passes through 

hj the output gate, the gate will close. The gate will remain 

closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
^ B and the depth of the buffers, it is possible that B will 

2 0 have already met its start-up conditions when the output 
Q gate closes. In this case, there will be an enable waiting 

L; in the queue and the output gate will immediately open. 

\1 Otherwise, stream B will have to wait until it meets its 

start-up requirements, 
25 A. 12 . 6 . 2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 
30 finish being decoded. In the present invention, this 

situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 
In Figure 69 stream A is being decoded and the 
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outputa-.gate is open) . streams B and c have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. Stream D is still 
arriving at the input of the Spatial Decoder. 
5 Enables for streams B and C are -in the queue. So, when 

stream A is completed B will be able to start immediately. 
Similarly c can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 
10 queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter ('i.e., A is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 
15 input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A. 12. 7 Advanced operation 

In accordance with the present invention, advanced 
control of the start-up logic allows user software to 
infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
25 A. 12.6.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing l to start_up access) : 
set of f chip_queue =.l 
• set accept_enable_mask = l to enable interrupts 

*hen an enable has been removed from the queue 
■ set target_met_mask = 1 to enable interrupts 
*hen a stream's bit count target is met 
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Two^additional interrupt service routines are 
required : 

• accept enable interrupt 

• Target met interrupt 

When a target met interrupt occurs, the service routine 
should add an enable to its off-chip enable queue. 
A. 12.7.1 Output gate logic behavior 

Writing a 1 to the enable_stream register loads an 
enable into a short queue. 

When a FLUSH (marking the end of a stream) passes 
through the output gate the gate will close. If there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable__event . If 
accept_enable_mask is set to one, an interrupt can be 
generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) . 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event 
and the enable is NOT removed from the end of the queue. 
This mechanism can be used to keep the output gate open as 
described in A. 12. 5. 
A. 12.8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 
the current video stream. m this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register. A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 

■The bit counter will also stop incrementing when it 
reaches it maximum count (255). 
A. 12.9 Bit count prescale 

In the present invention, 2""-- , *" ,, - r '^ Jk ' " x 512 bits are 
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requir*d<o increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 
value between 0 and 7. 



n 


Range (bits) 


flcsoluoon (bits) 


0 


0 (0 262144 


1024 


1 


0 to 524268 


204^ 


7 


0 to 314S7280 


122880 



Table A. 12. 2 



Example bit counter ranges 
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The bit count is approximate, as some elements of the 
video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12.10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 
bit count target is attained, an event is generated which 
can cause an interrupt (if counter_f lushed_too_ear ly_mask = 
1) . If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 
open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as. the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTF9!* A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers:, 
the coded data buffer ( CDB ) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
by the buffer manager. 
A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed " from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buf fer_manager_access, set to 1) awaiting configuration. 
After the registers have been configured, 
buf fer_manager_access can be set to 0 and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value l can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consideration when polling such registers as cdb full and 
cdb_empty to monitor buffer conditions. 
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Register name 


1 

<7) 


e 

o 
o 


Oescrrotion 



Buffer. manager_ k eyho(«_aaaress 



6uf1er_manager_keynole_daLa 



6 

rw 



S 

rw 



Keynoie access (o tne extended accress ssace usee :- 9 

manager registers shown p«lcw. See A. 5. 4. 3 s 

information about access.ng rasters sucugn a Keyroe. 



: Sufferjimit 



18 



tdB.case 
to.oase 



This specifies the overall 'sue a : - : "7" Vr^* r l ^ ac - e , 0 

SsanaJ Decoder. All buffer accresses arc c . : ., . M ... co ;r ,. s 
size and so win wrap round witnrn :ne C a • • r^vides 



18 



These registers point to the base of tne . - >\ -ata (ccb)arc Tzht 
(tb) buffers. 



cdb Jengtn 



tbjength 



18 



cao.read 



These : specify the i«ng-ji (i.e. size) 0/ me cocec =a: a ■ 

and Tokr ;;b ) buffer. 



tb.read 



18 

ro 



These registers hold an offset from tne ou'-- :.«m arc :r =:= aie 
where data -rfl be read from next. 



j CdO_numo*r 

t 



18 

ro 



These vers show how much caia - ■ untly heie :n :_- e - s 



cob.fuii 
tb.full 



1 

ro 



The.'. 



: -rrsters win be set to 1 if tn* • : . a c cata <c") :.- 7;**.- :: 
bu"v >* 



cdb_empry 



tfi.empry 



1 

ro 



Tr* . -«gts<trs win oe set to t if ire ,.x:ec data (esc) r- To*.-- :;. 
b;jr.*r empties. 



Table A.13.1 Buffer manager registers (cortd) 
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A. 13 . i_i«Buf fer manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chi P DRAM in 64 byte bursts (using the 
DRAM ' s rast page mode,. All the buffer pointers and length 
5 registers refer to these 64 byte (512 bit) blocks of data. 
So, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
10 A. 13.2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
Unit register (buf fer_limit) defines the physical upper 
limit of the memory space. All addresses are calculated 
15 modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base, and the buffer length (cdb_length 
and tb_length). All the registers described thus far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
-HI be read next. The buffer number registers (cdb_number 
and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_full, cdb_empty 
and tb_em P ty indicate if the buffers are full or empty. 

As stated in A. 13.1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value read from cdb_number should be 
multiplied by 512 to obtain the number of bits in the coded 
data bu f f e r . 
A. 13.3 Zero buffers 

Still picture applications (e.g., us ing JPEG ) that do 



20 



25 



30 



239 



not h^e^a "real-time" requirement will not need the large 
off-chip buffers supported by the buffer manager. In this 
case, the DRAM interface can be configured (by writing i tc 
the zero_buffers register) to ignore the buffer manager to 
provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero -buffers option may also be appropriate for 
applications which operate working at low data rates and 
with small picture formats. 

Note: the zero_buffers register is part of the DRAM 
interface and, therefore, should be set only during the 
post-reset configuration of the DRAM interface. 
A. 13. 4 Buffer operation 

The data transfer through the buffers is controlled by a 
handshake Protocol. Hence, it is guaranteed that no data 
errors will occur if the buffer fills or empties. If a 
buffer is filled, then the circuits trying to send" data to 
the buffer will -be halted until there is space in the 
buffer. if a buffer continues to be full, more processing 
stages "up steam" of the buffer will halt until the Spatial 
Decoder is unable to accept data on its input port. 
Similarly, if a buffer empties, then the circuits trying to 
remove data from the buffer will halt until data is 
a va i lable . 

As described in A. 13.2, the position and size of the 
coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers. 




t 



10 



15 
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SECTTOiT A. 14 Video Demux 

The Video Demux or video parseras it is also called, 
completes the task of converting coded data into Tokens 
started by the Start Code Detector. There are four main 
processing blocks in the Video Demux: Parser State Machine, 
Huffman decoder (including an ITOD) , Macroblock counter and 
ALU . 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The 
Huffman decoder converts variable length coded (VLC) data 
into integers. The Macroblock counter keeps track of which 
section of a picture is being decoded. The ALU perforins 
the necessary arithmetic calculations. 
A. 14.1 Video Demux registers 



fleg:s:er name 


Q 

CO 


e 
a 

V) 
• 
a 

<r 


Description 


demuj.access 


1 


0 


This access on stops the operaoon of the Vioeo Cemux so -.-a 


: t's 




rw 




various registers c*n be accessed reliably. See A.5.4.1 


! 

i 


h u ffma n _err or_code 


3 




When :ne. Video Oemux stops following the generation of a 






ro 




hurTman.event interrupt request mis 3 bit reg-sier holds a va:Le 
why the interrupt was generated. See A. M.S. 1 


:.iccatir.g ' 

i 


parser_«rror_coae 


8 




when the v«jeo Demux stops fotlowmg the generat.on of a ;arser_.v-r. ( ■ 




ro 




interrupt request this 8 bit register holds a value inoicaarg wr.y 
interrupt was generated. See A. 1 4.5,2 


i 

.*e 


demux_>eynoie_address 


12 


X 


Keynole access to the Video Demurs enencea acdress scace 


See 


~ = 3- H - <£ ?»C L £_ A DOR 


rw 




A-6.4.3 (or more information about aecess:r:g r«g:s:s 


rs 


d«mux_k«ynoie_daLa 


8 


z 


inrougn a keyhole. 






rw 




Tables A.i 4.2. A.M.3 and A. 14.4 describe ine regrsters r-ai :a- 
aceessed via the keyhole. 


z* 



Table A. 14.1 Top level Video Demux registers 
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i 




a 






i 


-a 








j RegistA-name 

! 


a 


CO 

© 
« 

tr 


Oescr:"lton 1 




; dummyjast_picrure 

i 


1 


0 


when tn.s reg.ster , s set ;o i tne y.eeo Ctrr.ui general :r.:cr ma ; C n 






rw 




for a 'dummy* Intra 5ie!w , „ :ne tas; fl( an MPEG secuerce | 










This !u ncoon is usefuJ when :n# Terr . coraj CecoCef ^ confi;ufM ;of 




summ y_tasL.frame_Zit 

i 

1 

! 






automate dicrure re-orstrmg ; see a. 18.3.5. secuer.ee re- : 
oreenhg-. (3 flt , n [ne p or , ;iC , tjfe ou( qJ : 




1 






Decoder. 


sip 


i 

! 


1 




w > * w 7 K'ttwfc is required tl; 




i 




- 


• tne Temcoral Oecoder is not configures for re-reering 










• another MPEG sequence will t* deccced .mm«eji a[t fy (as rtrs a.so 










Hush out me last picture) 










• tne ceding standard is not MPEG : 




fiefd.mfo 


1 


0 


When cms register is set to i tne first oy:e of any .MPEG 






rw 




er:ra_in(crmaoon_p,crjre is ?taced in :n e FIELD JNFO Tzkan. See 


i 


r_rorr._coniroi 










continue 


1 


0 


Thjs register aiiows user software to c=r.:: C i new mucn extra, user =r 




CBO_H_AL'J_R£G0 


rw 




e«ens;on data it warns to recede wnen is is detected by tne decoder. 




r ^om_ control 






See a.m. 6 and a. 14.7 


r 


r^contmue^bit 








i 

i 


rom_revision 


8 




immediately following reset nis noios a ccoy of ve microcode P.Cm 


i 

1 


CEO_H_ALU_R£G J 


ro 




revision numoer. 








t 


This re;:ster is also used :o jresent :o control sc.^are data v^ues read 
from tne cooed data. See A. 14.6. 'Receiving user and Extern data*, 
and A. 14.7. -Receiving Err a Infor.— ation*. 



Table A. 14.1 Top level video Oemux registers (contd) 




202 







3 

a 




Register name 


-a 
tn 


<7> 

9 

« 

C 


. Description 


| huftm*n_«v«Qt 

t 
1 


l 

rw 


0 


A Huffman event is generated if an error ts (ouna m the cocw ra:a. See 
A.H.5.1 for a description of these events. 


nuffman_mask 


1 

rw 


0 


1/ the mask reaister is set to I t^#n an ini*rn,r»i 

5 j ijibi j »™» • » '~ r ' *n irnerruci can 5e cenefatec an** "*"e 

Video Demux will slop. If me mask register 13 set :o C then ro ;r.;er .-■_;( .s 

generated and the Video Oemux will attempt :o .-ecover :r« 


parser.evem 


1 

rw 


0 


A Parser event can oe in responee to errcrs tn r-.e cocea ca:a cr :c :.-e 
arrival of information at the Video Oemux that recures software 


parser.mask 


1 

rw 


0 


intervemion. See A.M.S.2 for a Sescnpuon cf ;rese «v«.-j. 

if the mask register is set lo 1 then an interrupt can pe generates arc :r» 
Video Oemux will stop. If the mask register is set ;o 0 then r.o mterruc: 
generated and the Video Oemux win attempt to continue. 



Table A. 14.1 Top level Video Demux registers (contd) 



Register name 


a 
to 


Hesel Slalo 


Description 


component_name_0 
component.name.l 
component_name_2 
component. name _3 


e 

rw 


X 


Ounng JPEG operation tne register component_name_n holds an 3 pit va:ue 
indicating (to an application) which colour component has the conoon«r.| r.. 


hori2_pels 


16 
rw 


X 


These registers hold me horizontal and vencal dimers;ons of me v. ceo serr.g ' 
decoded in pixels. 

See section A, M.2 


ven_peis 


16 

rw 


X 


nori2_macro0tockl 


16 
rw 


X 


These registers notd me honzontai and veneaJ dimer\s;c(\s of me *ceo z*tr~ 
decoded in macroolocks. 
See section A.u.2 


vert_macrooiock$ 


16 
rw 


X 



Table A. 14.2 video demux picture 
construction registers 
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1 — ■ 

1 




o 






1 . 

j ~>«gis:er name 


I 


s 

v5 
o 
o 


Oescnction 

1 

1 




mai_n 

i 


2 

rw 


X 


These registers noid :he macroptock wicn arc neignt , n siccus (3 i 3 :iie:S) " 
The vatues 0 to 3 indicate a wtdovhetgni on to 4 blocks. 




mai.v 


2 

rw 


. X 


See secson A 14 2 




max_component_id 


2 

rw 


X 


The values 0 to 3 indicate that 1 to 4 different vieeo c3rr =C r.er.: S a- 
cemg decoded. 


s 








See section A. 14.2 ! 

t 




Nf 


8 


x 


uunng jr.u operation tni$ register holds the parameter Nf (ryjrrzer cf irra$e 






rw 








blocks_n_0 


2 


X 


For each of the 4 colour components tne registers oiocks_r. n a-- 


i : : 


blocks_h_t 


rw 




blocks_v_n hold the number of blocks horizontally ar.d ver«a;ty 3 




blocks_h_2 






macroblock for the colour component with component to n J 




blocks_h_3 






See section A. 14.2 


a j 


blocks_v_o 


2 


X 




biocks_v_i 


rw 




; 




biocks_v_2 
0iocks_v_3 






I 

I 




tq_0 


2 


X 


The rwo oit value held by the register tq_n cescnoes «vm C n inverse j 






rw 




Quantisation table is to be used wnen decoding da:a witn csmponem ;0 .->. 




tq-2 










:q_3 






1 



Table A. 14. 2 video demux picture 
construction registers (contd) 
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A. 14. i=ri. Register loading and Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated in 
the coded picture/video data. For example, the hori 2 _pels 
register corresponds to the MPEG sequence header 
information, horizontal_size, and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded. These 
registers are also associated with a Token. For example, 
the register, horiz_pels, is associated with Token, 
H0RIZ0NTAL_SIZE. The Token is generated by the Video Demux 
when (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. in this case,. the value carried by the Token will 
configure the Video Demux register associated with it. 





i ^95 














aai 3'T'iMmnij 


a 
** 

tS) 


* 
© 


OesCf:c!:cn 




j ac.fiuff_o 

I 


2 




The rwo p.t vatue ne, 0 ay ; ne register ac huff n cesc- -es - — a „ 




dc_hufl_l 


rw 




decoding tab* is to Be us „ w0en ceC5 c.r.g :*e CC weaken* c - a:a 




oe huff ~y 






component ID a 




dc_huf1_3 










ac_.*iuff_0 

! 


2 




_^ Similarly ac.rtuft.o descnees ;n« tade :o ce used --••n -e-c r- -~ 
coefficients. 




j ac_huff_i 










ac_huff_2 






Baseline J?£G requires up :o rwo Huffman tables r-r scan. 7> t cc.v : 2r «s 










implemented are 0 and i. 


13 


dc_oits_0{l5;0] 


s 




eacn of mese is a table of 1 6. e,gm b.t values. They ;rov.ae ;ne 5(73 




dc.Diis. 1(15:0] 


rw 




information (see JPEG Huffman table soeofleauen) wr, c .. ; 0 rm car - f 
description of rwo OC and ;wo AC Huffman tables. 




ac_&its_0{15;0] 


8 






ac_bits_i[l5:0] 


rw 




See section A. 14,3. i 




Cc_fiuffval_C(n:0] 


8 




Eacn of these is a table of 12, eign: tn values. They ;f ov,oe ine -u-=v~l 


□ 1 


dc_huffvaf_l[1l:0] 


rw 




information (see JPEG Huffman tab<e specification) wr, C r. form - re 










description of two OC Huffman tables. 








See section A. 14.3. 1 




ac_nufrva)_0[i61:0] 


8 




Eacn of these .s a table of 152, eignt n; vaiues. They prov.ae :ne !->j = ~/al 




ac_rtu.*fval_l[l6l:01 


rw 




information (see JPEG Huffman table specification) wn.cn form -an =f 
description of fw 0 AC Huffman tables. 

See section A. 1 4.3.1 




dc_issss_0 


6 




These 6 bit registers notd values that are 'special cased* :o a==e««ra:e :re 




dC_2SSSS_1 


rw 




decoding 0/ cenain frequency usee JPEG VLCs. 




»c_«oo_0 


8 




i 


ac_eoo_i 


rw 




dc - sa « " magnitude of DC coefficient is 0 
ac.eob - end of block 


i 


ac_xn_0 


8 




! 


ac_2rt_! 


rw 




ac.zrt - run of 16 2eros 




Table A. 14. 


3 Video demux Huffman table registers 




t 




pet_aspect 



{ bit_raie 



pic.rate 



constrained 



This value is not used by the decoder e.i: S s. ho^. re value i .-. c . cs - a , 
be useful to user software wnen configuring ;he coded ca:a SL -er s .; s 
detemme whether the decoder is capaoieof decoo.-.g a wc-ar v? = 2 
file. 



10 



Th.s reg.ster „ to aced w, e n oecoong mp=g data w.r. a value -.r.c.cz,-- 
pel aspect ratio. The vaiue is a 4 w iftt « cer ^ a ^ M an ^ ^ ^ 
table defined by MPEG. 

See the MPEG standard for a definition of this labie. 

This vaiue is not used by trie decoder ch.ps. However. va.ue * .-:= s -ay 
be useful to user software when configunng a display cr cuto ut eevct. 
This register .s loaded when oecoo.ng mpsg data «n a v«i« , 
coded data rate. 



.e trc ca: .-- ?i 



See the MPEG standard for a definition of this value. 

Th* vaJue is not used by the decoder cnips. Ho w va(u e « , c <cs rr.ay 
be useful to user software when confiqunng ih« flecoCer $IaR . U3 r _ s:efS 



This register « loaded wnen decoding MPEG data ^ a va.ue .neca.n; xe 
picture rate. 

See the MPEG standard lor a definition of this value. 

This vaiue is not used by the decoder cn.c*. However. * e value a .—5 -"ay 
be useful to us«r software wh.n configur,ng a display cr output cevce. 



Thts register « (oaded when decoding MPEG data to maicate .f cocec zn 
meets MPEG's constrained parameters. 

See tne MPEG standard (or a definition of th.s flag. 

Th,s vaiue is not used by the decoder cn, C s. However. v « u , .i ».« -a, 
be useful to user software to detemme wnether the cec=der is car- e :: 
decoding a particular MPEG data file. 
Table A. 14.4 Other Video Oemux registers 
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3 .egis:er name 



picture.type 



n _2Si_pic_ryp« 



Q 



bro*en_closed 



* 

VI 

« 



Desencti 



:ion 



Ounn, mpeg cpnm n, „ 01as „. 0 , e . uf , ^ s( .. e ^ 

decoded . 



5etr<; 



This register is loaded wnen decoding h.25 
tne picture format. 



i data, itr.otes m/or.-rjzcn aoc-,-; 



7 


6 i 5 


4 | 3 I 2 


1 i 0 | 


r 


r 


S 




0 1 ' i ' 



Flags: 

s • Split Screen Indicator 
0 • Document Camera 
' - freeze Picture Release 



This vaiu. i. not used by tne decoder cnios. However. *. irfomascn sncue 
be used wnen configuring norii.p.1,. ve.n.pel. and »• cis 5 iay =; zuizut 



device. 



Ouring MPEG operation this r^sttt no.ds tne broken Jink and =: SMa _3o 9 
information for tne group of pictures being decoded. 



j 7 S | 5 « 3 2 


. j o j 


' 1 ' 1 ' I ' ' ' 


c oj 


rlags; 




c - closed jop 





Table a. 14. A other Video Demux registers (eentd) 
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Register name 



o 



to 
e 

e 



Oescnpii, 



i ?reoc:ion_mode 



During MPSG ana H.2S i operation [nj4 , 



egisier notes tne current value cf 



prediction mode. 



7 6 


5 


4 


3 


2 I 0 ! 

1 


f 


r 


r h 


y | x b | , 



Flags: 

h - enable H.261 loop finer 

y - 'Met backward vector prediction 









vov_d«iay 


16 
rw 




T*« « , 0ie)efl w*.n ^odin, MPEG «„, «,„ , , na , ca(m ~ 
m.nimum s.an-up Oe lay before decoding should stan. 
See me MPEG standa/d for a definition 0 f this value. 

This vaiue is not used by m. decoder chips. However, me vafue .t ho.es may 
be useful to user software when configuring me decoder stan-uo rec-s^s 


pic_numt>er 


8 

rw 




Th* regater holds the picture numoer tor tne pictures ma. is currently *>-.r- ' 
decoded by the Video Demux. This numoer w« generated by me s:an ccce 
detector when mis picture arrived there. i 
See Tawe A. 1 1 .2 f0f a dMcrio(|on 0 , me pic(Ufe 


du mmy.lii t_picture 


1 

rw 


0 


These registers a/e aiso visbie at me top level. See Table A. u . t 


field Jn*o 


1 

rw 


0 


continue 


1 

rw 


0 


fOm_f«yjjj on 


6 

rw 




coaing_» anflafd 


2 
ro 




This register ,s loaded by me CODING_STANDARD Token :o cDr.r-;* 
tne video Oemux's mode of ooerabon. 

See secaon a.21.1 



Table A.14.4 Other Video Demux registers (contd) 
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Register name 


-3 
O 

"a 

£75 


Resel Slale 


Cescnption 


resiartJmtrvaJ 


8 




This regisier is loaded wnen cecoong JPEG cata w.tn a vaiue :ne:ca:;r.<; re 




rw 




minimum stari-uo delay oefcre decocing should s:an. 








See tne MPEG standard for a definition of ihis value. j 



le A. 14. 4 Other Video Demux registers (contd) 





register 


Token 


stancara 


comment » 


component_name_n 


COMPONENT_NAME 


JPEG 


| in coced data. 








MPEG 


not used m stancara. ' 








H.2SI 








HORI20NTAL_SIZE 


MPEG 


| in czcec data. 




ven_p«is 


VERTICAL.SIZE 


JPEG 










H.25I 


automat:ca;iy cenvea .'rem -ic:lts 

! 










ryoe. j 




horii_rnacroblocks 


HORIZONTAL.MBS 


MPEG 


control sofrwa/e must cenve (rom ; 




v«n.macroo(ocks 


VERTICAL.MBS 


JPEG 


honzcntal ano vertical scxre s;2e. j 








H.251 


automatically derived trzm ccrjre ! 
Type. | 




max_n 


DEFINE_MAX_SAMPLING 


MPEG 


controt software mus: ror^g-jre. 




max.v 






Sarr.pirng syucture is fixed Sy 
siancaro. 








JPEG 


m coded ;ata. 








H.251 


automa::cany canfig-rec 'or - 2. 2- 
video. 



le A. 14. 5 Register to Token cross reference 
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j ^agister 


Token 


standard 


COmrr.em 




m **-COmpon«ntJ<j 


MAX_COMP_ID 


MPEG 


control software must confi CUf 7 

Sampling struciure -s fired ry 

stancard. 









JPEG 


m coded cata. ; 




1 


I 


H.261 


automatically zonf^ec '.zt a 2 0 i 

i 

j video. f 




tq_0 
IQ-1 


JPEG TABLE SPi fpt 


JPEG 


tn coded data. 






MPEG 


not used m s;anca/a. 








K26! 






tq_3 






i 


iff 


biocks_n_o 
blocks_h_i 


DEFINE SAMPLING 

— * * fill til 


MPEG 


! 

control software must confine. | 




blocks_h_2 






Sampling structure is fixed 5y 






biocks_h_3 






standard. 




,£ 




JPEG 


, in coded data. j 






blocks_v_o 




H.261 


automatically configured .'or 4,2:0 ; 


1 

I 


blocks_v_i 






video. i 

i 


o - ! 


0<OCKS_v_2 






1 
i 


== 


0(ocks_v_3 






1 
i 

i 




ac_ftuff_o 


in scan neaoer data 


JPEG | 


m cooed data. j 




dc_huff_i 


MPEG DCH TAB) P 


MPEG | 


control software musi configure. | 




dc_huff_2 




H.261 


not useo m standard. j 




dc_hutf_3 






j 




•c_huff_o 


m scan header data 


JPEG in coaed data 




»c_huft_i 




MPEG r 


v»t used in standard. 




ic_huft_2 




H.261 


1 


I i 


»c_h U ff_3 









le A. 14. 5 Register to Token cross 



reference (contd) 




Table A.14.5 Register to Token cross reference (contd) 
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Table A. 14. 5 Register to Token 
cross reference (contd) 

A. 14.2 Picture structure 

In the present invention, picture dimensions are 
described to the Spatial Decoder in 2 different units: 
Pixels and macroblocks . JPEG and Mp£G both comlnunicate 
Picture dimensions in pixels. Communicating the dimensions 
J" P1XSlS dete ™ ine th « area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
s^e. communicating dimensions in n, acr oblocks determines 
the S12e of buffer required by the decoder. The macrobloc* 
dimensions must be derived by the user from the pixel 
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dimensions. The Spatial Decoder registers associated with 
this information are: horiz_pels, vert_pels, 
hori 2 _macroblocks and vert_macroblocks . 

The Spatial Decoder registers, blocks_h_n, blocks_v_n, 
max_h, max_v and max_component_id specify the composition 
of the macroblocks (minimum coding units in JPEG) . Each is 
a 2 bit register than can hold values in the range 0 to 3 . 
All except max_component_id specify a block count of 1 to 
4. For example, if register max_h holds 1, then a 
macroblock is two blocks wide. Similarly, max_component_id 
specifies the number of different color components 
in vo 1 ved , 





2:1:1 


4:2:2 


4:2:0 




m*x_h 


t 


1 


1 


° ; 


fD|X_V 


0 


1 


t 




m»x_compon«ntJd 


2 


2 


2 | 2 1 


blocks_h_0 


1 


1 


1 


o 1 


bioc*s_h_i 


0 


0 


0 1 0 1 


b(ock*_h_a 


0 


0 


0 


0 


Dtock*_h_3 


x | , 


' 1 « i 


btocks_v_0 


0 


1 1 o | 


blocks_v_l 


0 


1 


0 0 | 


block*_v.2 


0 


1 


0 


o | 


b(oct»_v_3 


z 


" ■ 1 « 


X 



Table A . 14. 6 Configuration for various macroblock formats 
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A.14.>- Huffman tables 

A. 14. 3.1 jpeg style Huffman table descriptions 

In the invention, Huffman table descriptions are 
provided to the Spatial decoder via the format used by jpeg 
5 to communicate table descriptions between encoders and 
decoders. There are two elements to each table 
description: • BITS and HUFFVAL . For a full description of 
how tables are encoded, the user is directed to the JPEG 
specif icat ion . 
10 A. 14 . 3 . l . 1 BITS 

BITS is a table of values that describes how many 
different symbols are encoded with each length of VLC . 
Each entry is an 8 bit value. JPEG permits VLCs with up to 
16 bits long, so there are' 16 entries in each table. 
15 The BITSfO] describes how many different 1 bit VLCs 

exist while BITS[lj describes how many different 2 bit VLCs 
exist and so forth. 
A. 14 . 3 . 1 . 2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
of increasing VLC length. The size of this table will 
depend on the number of different symbols that can be 
encoded by the VLC. 

The JPEG specification describes in further detail how 
_ Huffman coding tables can be encoded or decoded into this 
25 format. 

A. 14. 3. 1 .3 Configuration by Tokens 

In a JPEG bitstream, the DHT marker precedes the 
description of the Huffman tables used to code AC and DC 
coefficients. When the Start Code Detector recognizes a 
30 DHT marker, it generates a DHTJ1ARKER Token and places the 
Huffman table description in the following DATA Token (see 
A. 11 . 3 . 4 j . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA 5T,d-DHT_MARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the 
DC coefficient Huffman tables required for MPEG operation 
however, the coding standard of the Spatial Decoder must be 
set to JPEG while the tables are down loaded. 



=; 7 5:5 4 ; 3 1 2 i 



1 0 



Token Name 



Mi 0 0 ° : ' : Oi 1 1 Oi i I CODING.STANOARD 




n|n|n n n n n 



V„ - Words carrying HUFFVAL information (the 
number of words depends on the number of different I 
symbols). j 

a • the extension bit will b* 0 if tn* j. the endof the DATA Token cr 1 | 
another tatHe description * contained in me same DATA Token. J 



o 
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le A. 14.7 Huffman table conf juration via Tokens 
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A. 14. Configuration bv MPI 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI . See Table 
A . 14.3. 

The registers dc_bi ts_0 ( 1 5 : 0 ] and dc_bi ts_l [ 1 5 : 0 1 
hold the BITS values for tables 0x00 and 0x01. 

The registers ac_bi ts_0 f 15 : 0 ] and ac_bi ts_l f i 5 : 0 ] 
hold the BITS values for tables 0x10 and 0x11. 
•The registers dc_huf f val_0 [ 11 : 0 ] and 
dc_huffval_ir ii:0) hold the HUFFVAL values for 
tables 0x00 and 0x01. 

The registers ac_huf f val_0 [ 16 1 : 0 ] and 
ac__huffval_lf 161:0] hold the HUFFVAL values 
for tables 0x10 and 0x11. 
A. 14. 4 Configuring for different standards 

The Video Demux supports the requirements of MPEG , JPEG 
and H.261.. The coding standard is configured automatically 
by the CODING_STANDARD Token generated by the Start Code 
Detector. 

A. 14.4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and, therefore 
require no user intervention. 
A. 14. 4. 2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
h_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A . l 4 . 5 ) 
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and tWs« ensures that Qther decoder ch . ps (such ^ ^ 

Temporal Decoder), are correctly configured. 

A. 14. 4. 3 MPEG Huffman tablea 

The majority of the Huffman coding tables required to 

decode MPEG are held in ROMs within the Spatial Decoder 

(a9ain ' ln th ^ Parser state machine) and, thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of mtral macroblocks . Two 
tables are required, one for chroma the. other for luma 
These must be configured by user software before decoding 
begins. ' 



15 




Table A. 14. 8 Automatic settings for H.261 

Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
Spatial Decoder. Alternatively, the same results can be 

obtained by writing this information to registers via the 

MPI . 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 
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A. 14 . y~sftows how they should be configured for MPEG 
operation. This can be done directly via the MP I or by 
using the MPEG_DCH_TABLE Token. 



dc.nuff j) 


0 


dc_huff_i 


I 


dc_huff_2 


1 


dc_hun.3 


z 



Table A. 14. 9 MPEG DC Huffman table selection via MPI 



E 

i 


P:01 


Token Name 




1 | 0x15 


COOING_STANDARD 




| o 


0x01 


1 - JPEG 




0 


OxlC. 


DHT.MARKER 




1 


0x04 


DATA (could be any colour component. 0 is used in this eiarroie) ! 


1 


0x00 


0 indicates mat mis Huflman table a DC coefficient coding tide 0 j 



Table A. 14. 10 MPEG DC Huffman table configuration 



309 





E 


|| P:0| 


'oxen rwame 




0x00 


gros carrying til I b information describing a total of 9 
uirrerent VLCs: 




0x02 




0x03 


1 0x0! 


2. 2bttcoaes j 




0x0 1 


3. 3 bit cooes 




0x0 1 


i. -* bit codes 


' 0x01 




i . s on cooes 




0x00 




1 . 6 bit codes 




OxCO 


i 
1 


i , 7 bit codes 


1 1 


0x00 






0x00 


i 


If configuring via tne MPl rattier man wim 7ok»n« 

r 




OxCO 


i 


wnnen into the dc.bits_0(15:0j registers. j 


1 | OxCO 


i 
i 


i 


I || 0x00 


f 

i 




1 || 0x00 


J 






0x00 


* 




' 1 


0x01 




9 words carrying HUFFVAL information 




0x02 


If ^A^.... ........ 




0x00 




. v »..f iy ine Mri rimer than with Tokens these va.'ues -*ou!C :e 


'1 


0x03 


written tnto the dc_hufN«l_0[1 1 :0J registers. 




0x04 




i 


'1 


0x05 








0x06 




i 




0x07 






0 


0x08 







Table A. 14 -10 MPEG DC Huffman 
table configuration (eontd) 
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0x04 ■' DA TA {could be any colour component, o 




1 | 0x03 



16 woras w ^ B,TS '"''"^^^FTT^ 



II 0101 



|| 0x01 



CxOI 



0x01 



|| 0x01 



|| 0x01 



0x00 i 



0x00 



different VLCs: 

3. 2 bit codes 

1 . 3 bit codes 

i , 4 bit codes 

t. 5 bit codes 
i . 6 bit codes 
i . 7 bit codes 



0x00 



~ 1.8 bit codes 



' fl 0X00 J " COOfi9Unn9 V,a Ih « MPf ™«' "th To^ns *ese values "would be 
wrinen into tfie dc_bits_l[l5:0] registers. 



II 0x00 i 



0x00 



|| 0x00 



1 II OxCO 

' " 0,00 j 9 words carrying HUFFVAL information 



0x01 



t 



0x02 



0x03 



0x04 



0x05 



0x06 



0x07 



If configure * the MP, rather than Tokens tn.se va-ues wou«d 3e 
wrinen into the dc.hu nVat_l( 11:0 1 registers. 



0x06 



°»° 4 | MPEG_OCH_TABUE 



I Configwe so laote 0 is used for component 0 



I MPEG_DCH_TA6L£ 

0 |[ OxOl 



Configure so table 1 is used for componen 




0x01 



MPEG_DCH_TABLE 
Configure so table 1 is used for component 2 



Table A.14.10 MPEG DC Huffman table configuration (contd) 
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E 


f7:01 


Token Name 


' 1 


0*15 


CODING_STANOARO 


°! 


Or 02 


2 * JP=G 



^ Table A. 14. 10 MPEG DC Huffman 

*-Q table configuration (contd) 

jij A. 14.4.4 MPEG Picture structure 

;^ ■ The macroblock construction defined for MPEG is the same 

\ij 5 as that used by H.261. The picture dimensions are encoded 

^ in the coded data. 

m For standard 4:2:0 operation, the macroblock 

P characteristics should be configured as indicated in Table 

j=% A. 14.8. This can be done either by writing to the 

M 10 registers as indicated or by applying the equivalent Tokens 

(see Table A. 14.5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
15 registers listed in Table A. 14.8 can be initialized with 

appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE , see A. 14.8, "Changes at 
20 the MPEG sequence layer". 
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A.14.*tS* JPEG 

Within baseline J PEG , tnere are a number Qf ^ 
options that significantly alter the complexity of the 
control software required to operate the decoder r n 
=> general, the Spatial Decoder has been designed so that 

required support is minimal where the following condition" 
is met : 

Number of color components per frame is less 
than 5(N,<4) 
10 A. 14. 4. 6 jpeg Huffman tables 

Furthermore, J PEG allows Huffman coding tables to be 
down loaded to the decoder. These tables are used when 
decoding the VLCs describing the coefficients. Two tables 
are permitted per scan tor decoding DC coefficients and two 
for the AC coefficients. 

There are three different types of jpeg file- 
interchange format, an abbreviated format for compressed 
image data, and an abbreviated format for table data m 

H a V nterC ^ e f ° rmat file «.r. - both compressed image 
data and a definition of all the tables (Huffman, 
| Quantization etc.) required to decode the image data. The 

t abbreviated image data format file omits tne table 

J definitions. The abbreviate* table format file only 

contains the table definitions. 

The Spatial Decoder will accept all three formats. 
However, abbreviated image data files can only be decoded 
if all the required tables have been defined. This 

definition can be done via ^ 

e Vla either of the other two JPEG 

rale types, or alternatively the t.hi. ,^ 

• Ly ' tables could be set-up bv 

30 user software. 

If each scan uses a different set of Huffman tables, 
. then the table definitions are placed (by the encoder) in 
the coded data before each scan. These are automatically 
loaded by the Spatial Decoder for use during this and any 
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subsequent scans . 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
5 coefficients and run of 16 zero AC coefficients. The 

values for these special cases should be written into the 

appropriate registers. 

A. 14. 4. 6.1 Table selection 

The registers dc_huff_n and ac_hu-ff_ n control which AC 
10 and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TDj and Taj fields of the scan header syntax. 
A. 14. 4. 7 JPEG Picture structure 

There are two distinct levels of baseline JPEG decoding 
15 supported by the Spatial Decoder: up to 4 components per 

frame (N r <4) and greater than 4 components per frame (N f >4). 
If N f >4 is used, the control software required becomes more 
complex. 

A. 14.4. 7.1 Mf<4 

2 0 The frame component specification parameters contained 

in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14.8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 

2 5 components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A. 16.1. 
A. 14. 4. 7. 2 JPEG with more than 4 components 

30 The Spatial Decoder can decode JPEG files containing up 

to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 
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only *41«ws a maximum of 4 components in any scan. 
A. 14. 4. 8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG. 

JPEG limits minimum coding units -so that they contain no 
more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_ n , max_h 
and max_v. 

MPEG is only defined for 4:2:0 macroblocks (see Table 
A. 14.8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A. 14. 5 video events and errors 

The Video Demux can generate two' types of events: parser 
events and Huffman events. See A . 6 . 3 , "Interrupts", for a 
description of how to handle events and interrupts. 
A. 14.5.1 Huffman events 

Huffman events are generated. by the Huffman decoder. 
The event which is indicated in huf f man__e vent and 
huffman_mask determines whether an interrupt is generated. 
If huffman_mask is set to l , an interrupt will be generated 
and the Huffman decoder will halt. The register 
huffman_error_code[2:0] will hold a value indicating the 
cause of the event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 
automatically. 
A. 14. 5. 2 Parser events 

Parser events are generated by the Parser. The event is 
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indicated in parser_e vent . Thereafter, parser_mask 
determines whether an interrupt is generated. If 
P arser_mask is set to i , an interrupt will be generated and 
Che Parser will halt. The register parser_error_code f 7 : o ] 
will hold a value indicating the cause of event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically. 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. If the 
event indicated a bitstream error, the Video Demux will 
15 attempt to recover from the error. 

If parser_mask was set to.O, the Parser will set its 
event bit, but will not generate an interrupt or halt. It 
will continue operation and attempt to recover from the 
error automatically. 



10 



^^^^ huftman_trror_code 




(21 


[1] 


(01 


Oescnction ! 

( 

1 


^ 0 


0 


0 


NO error. This error should not occur curing j 

i 

normal ooeraSon. | 


X 


0 


1 


failed to find terminal coae m vlC witrm ts [ 
bits. | 


X 


1 


0 


Found senal data wnen Token excec:ea i 


1 

1 - x 


1 


1 


Pound Token wnen senal data exo*c:e-; 


1 


X 


X 


information describing n:ore man 5-i 
coefficients (or a single block was iecccei: ' 
indicating a bitstrea/n error. The Wock outsu; 5y ' 
the Video Demux will contain only 64 

i 

coefficient*. I 



Table A. 14. 11 Huffman error codes 



oars«r_error_code(7:0] 



Description 



0x00 



£.RR_NO_ERROR 

No Parser error has occured. mis event should not occur during normaJ c?«.-aiicr.. 



.0x10 . 




ERR.EXTENSlON.TOKEN 

An EXTENSION.DATA Token has been detected by the Parser. The ieteoon of 
this Token should preceed a DATA Token mat contains the extension data. See a. ; 4.5 



ERR. EXTENSION _OATA 

Following the detection of an EXTENSION_DATA Token, a DATA Token 
containing the extension data has been detedcted. See A. 14.6 



ERR.USER.TOKEN 

A USER_DATA Token has been detected by tn« Parser. The detection or >s To«en 
should oreceed a DATA Token that contains me user data. See a.m.s 



0*13 



ERR_USER_DATA 

Following in € detection of a USER_DATA Token, a DATA Token conamirg ^ e -.ser 
data has been detedcted. See A. 14.6 



0x20 



ERR.PSPARE 

H.26 1 PSARE information nas been detected see A. 14.7 
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0«scnotion 


0x21 


ERR.GSPARE 

j 

M.26I GSARE information nas been delected see A. 14.7 


0x22 


ERR.PTYPE ; 

The value o( the H.251 p.cture rype has changed. The reefer h_ 26 i .pic. rype can : 
insoected to see what the new value is. 


| 0x30 


EHR.JP EG .FRAME 

j 


0x31 


ERR.JPEG.FRAMS.LAST 

i 


0x32 


ERR.JPEG.SCAN 
Picture si 2 ft or Ns changed 


0x33 


ERR_JPEG.SCAN.COMP 
Component Change ! 


0x34 


ERR.ONL.MARKER 


f 0x40 


ERR.MPSG.SEQUENCE 

One 0/ the parameters commumeaitd in the MPEG sequence layer has charged. See 
A. 14.8 




ERR_ EXTRA .PICTURE 

MPEG exirajnforma tie nocture has oe*n detected se« A.M.7 


1 0x42 


ERR_ EXTRA .SLICE 

MPEG extra.information.slice has been detected see A. 1 4.7 


I 0x43 

) 


£RR_VBV. DELAY 

The V8V.OELAY pa/ameter lor the first pkrrure in a new MPEG video secjence r.as 
been detected by the video Oemux. The new value of delay is available <n r.e regis:er 
vbv. delay. 

The Mrs; picture of a new sequence 13 defined as the first picrure after a secuerce e^c. 
FLUSH or reset. 


0x80 


ERR.SHORT .TOKEN 

An inco/recoy formed Token has been deleted. This error sncuid r -ol occ.-r r-vrg 
normal operation. 
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par W r _ff?e r ^t o0 , p . o ] 


0«scnptton 


0*90 

i 


ERR_H26!_PlC_ENO_UNEX?ECT£D = 

Ounng H.261 operation ma end of a picture has been encounter— at an . JP „--. M 
position. This is likely to indicate an error in :ne coced data. 


Ci9l 


ERR.GN.3ACKUP 

During H.261 ooeraoon a grouo of blocks has oeen encountered w,tn a ;ro L r -u-rr-er 
less man tnai expected. This is likely to indicate an error in the coded -a:a. 


0x92 

i 


ERR_GN_SKIP_GOB 

During h.261 operation a group of blocks has been encounter sd w.th a cr- : -_-.csr 
greater man that expected. This is likely to indcate an error in »■ 


OxAO 


ERR_NBASc_TA8 

Ounng JPEG operation mere has been an attempt to down load a Huffman *zt* trat * 
not supported by baseline JPEG (basafine JPEG only suppons :aoles 0 and J for 
entropy coding). 


OxAl 


ERR.QUANT_PR£CISI0N 

Ouring JP£G operation there has been an anempt to down load a quant-sa::cn :acie --a; 

is not supported by baseline JPEG fbaselina Jp-rs «riiw t„nn«f. a - _ 

' "* • \wuv*'id jr- oniy supports o oi t £rec;s;cn in 

quantisation tables). 


0xA2 


ERR_SAMPL£_PRECISI0N 

Ouring JPEG operation there has been an anempt to specify a sample precsicn grea:-r 

than trial suoported bv baseline jpcc fha««Jin« ipcr. ahi u »..«»-.—- a . - , 

w t w«»«i">» touvune Jr to only suooorts 6 CM Creosion}. 


OxAO 


ERR.NBASE.SCAN 

One or more of me JPEG scan header parameters Ss. Se, Ah and ai is set to a value .10: 
supported by basefine JPEG (irxjicatina soectraj setoettan anf-r t M r- t cc,v 4 
approximation wtiich are not suoooned in baseline JPEG). 


OxA* 


ERfl_UN£XPECTED_ONL 

Ouring JPEG operation a DNL marker has been encountered in a scan t*a; s .-.ot :.-.t 
first scan in a frame. 


OxA5 


ERR.SOSJJNEXPECTSD 

Ouring JPEG operation an EOS marker nas been encountered in an <.-nex:*Bc:ec r»ac». 
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pifMr_« ttflr _ fi p d . r7:01 


Oescnpuon 


0xA6 


SPR_RE3TAR7_SK1P 

During jpSG operation a restart marker has been encountered «,(rer :n tn an 
unexpected place or me vame of ;he restart marker > s ur.ex;ec:s;. :f a .-esiar .-.amer s 
not found when one «s expec:ed the Huffman event "Pour- seraJ :a:a wrer ":> e n 
expected* wtii be generated. 


0x90 


EAR.SKIPJNTRA 

During MPSG ooeraticn. a macro block with a macro pice* access ..-.cr-m e -: ;:ea:a' 
man 1 has been ( 0u nd within an intra (l) picture. This is illegal ire =:c;a=iy -.- = :a :es a 
bitstream error. 


0x3 1 


ERR_5KlP_OfNTRA 

Dur.ng MP£G operation, a macro block with a macro block address r.crerrer: ;r«a!-r 
than 1 has been found within an DC onry (D) picture. Th,s is illegal ard =rc=a;iy 
indicates a bitstream error. 


0x62 


ERR.BAO.MARKER 

During MPSG operation, a marker bit did not have the ex;ec:»d value. ~h:s ,s ;.*c:aciv 
indicates a bitstream error. 


0x83 


£RR_C_MfiTYP£ 

Dunng MPSG operation, within a DC only (0) picture, a macrobiock was .'curd w.m a 
macroWock rype other man t. This is illegal and probably <ncca:es a t:ts:ream error. 


0x84 


ERR.D.MSENO 

Ourtng MPEG operation, within a DC onty (0) picture, a macretiock was itM wim C m 
irs end of macrobiock bit. This is illeoaJ and orobabiy indicates a biis:r-am •ver. 


OxflS 


ERR_SVP_9ACKUP 

Ounng MPSG ooeration. a sJice has been encountered with a $:ice verica; rcs^cr. 5*3 
than mat expected. This is fik*y to indicate an error in the ccced data 


OxS6 


ERR.SVP.SKIP^ROWS 

During MPSG ooeration. a siice has been encountered with a s;ice verjca, 1 
greater than that expected. This is likely to tndcate an error in r.e coded :a:a. 


0x37 


ERR_FS7_MBA_SACKUP 

Ounng MP£G operation, a macrobiock has been encountered with a rr.ac- : :<:< 
address less man mat expected. This is likety to indicate an errsr m me zoc-c :a:a. 
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Ounng MPEG operation, a manioc* ha* Seen encountered "th a macro olock 
address greater man mat eiwc.ec, Th,s „ , iktly 10 trcicate an errof in rn< C0Ce0 ^ , 



0x£0 ... 0x£ = 



E.RR.?lCTURE_ENO_UN£XPECT=D 
Ouring MPEG operate. a PICTURE.END Token na. s#t „ encountered ,„ an j 
unexpected place. This * likely to indicate an error ,n :r.e ceded data. | 



Errors reserved (or interna) test programs 



0x£0 



=RP»_TST_PROGflAM 

Mysteriously a/rived in trie test program 



Cx£l 



0x£2 



ERR.NO.PROGPAM 

" the test program is not comotled in 
£RR_TST_5ND 

End of Test 



OxFO ... OxFr 



Reserved errors 



OxFO 



ERR_UCOOE.AOOR 
fell off the end of the world 



OxFI 



ERR.NOTJMPLEMENTED 



Table A.14.12 Parser error codes (Sheet 5 of 5) 

Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Name 


MP£G 


JP£G 


H.2SI 


£RR_NO_ERROR / , " j 


ERR_EXTENSlON_TOKEN 


' \ < \ 


£RR.£XTENSION_OATA 






ERR.US6R.TOKEN 


' \ ' \ i 


ERR_US£R_OATA 




ERR.PSPARE 


i - i 


ERR.GSPARE 


i " i 


ERR.PTYPE j / j 


ERR.JPEG.FRAME | | y | j 


ERR.JPEG. FRAME. L>ST | 


' ! i 


ERR .JPEG .SCAN 







Table A.14.13 Parser error codes and the different standards 
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JPEG 


HJSI 


| ERR_/IPEG_SCAN COMP | . ; — j , 




i ' \ ! 


uRR.MPEG.SSQUENCE ^. ( / , " > j 


EPR.SXTRA.PICTURE • * , f ~ 

J| — — — . . :l [ 


ERR.SXTRa.SLICE ' , j f 


ERR.V8V.OELAY y j ; 


eRR_SHORT_TOKEN | y y "j ~ j 


-RR.H2S 1 .PIC.ENO.UNEXPECTED j 


' 1 


ERR_GN_BACKUP | 




ERR.GN.SKIP.GOB | 


✓ j 


ERR.NBASE.TAB 


' 1 ! 


ERR.QUANT_PREClSION 




1 


ERR_SAMPLE_PREClSIOM 


i 


ERR_NBASE_SCAN 


✓ 


1 


ERR.UNEXPECTED.ONL | 


" ! 


ERR.EOS.UNEXPECTED | 




ERR.RESTART_SKIP 






ERR.SKIPJNTRA | y 


ERR_SKIP_01KTRA y 


1 


ERR_8A0_MAflK£R 


■ < 1 1 


ERR.O.MBTYPE / | | " 


ERR_0_MBENO / 




ERR.SVP.BACKUP 


' 1 1 


ERR.SVP.SKIP.ROWS / ) 


ERR_FST_MBA_BACKUP / | j j 


ERfl.FST_MBA.SKJP 


1 



ERR.PICTURE.END.UNEXPECTED 



ERR_TST_PROGRAM 



ERR_NO_PROGRAM 



ERR.TST.ENO 



ERR.UCOOE.AOOR 



ERfl_NOT_IMPLSMENTED 



Table A. 14. 13 Parser error codes and the different standards (contd) 
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A. 14.*- fieceiving U9er and Exten9ion dat ._ 

MPEG and J PEG use similar mechanisms to embed user and 
extensxon data. The data is preceded by a start/marker 
code The Start Code Detector can be configured to delete 
this data (see A li i ii i r *-k , ■ e 

e a. ii.3. 3) if the application has no interes- 
in such data. eres ' 

A. 14. 6.1 Identifying the source of the data 

The Parser events, ERR_£XTENSION_TOKEN and 
ERK_USEP._TC.KEN, indicate the arrival of the EXTENSION DATA 
or USER_ DA TA Token at the Video Demux. if these Token's 
have been generated by the Start Code Detector, (see 
A. H.3.3) they will carry the value of the start/marker 

rTj^ TT Start C ° de ° etect0r to th. 
Token (see Table A.li.4). This value can be read by 

reading the rom_revision register while servicing the ' 
Parser interrupt. The Video Demux will remain halted until 
1 i. written to parser.event (see A.6.3, "Interrupts",. 
A. 14. 6.2 Reading the data 

The EXTENSION_DATA and USER.DATA Tokens are expected to 
be immediately followed by a DATA Token carrying the 

T USer . data - The '"^ of this DATA Token at 
the Video Demux will generate either an ERR EXTENSION DATA 
or an EP.R_USER.DATA Parser event. The f _ r « byte of ^ 
DATA Token can be read by readina rh_ 

.. hi ,_ . . y readin "3 the rom_revision register 

-hile servicing the interrupt. 

The state of the Video Demux register, continue 
determines behavior after the event is cleared. if this 

DATA Token will be consumed by the Video Demux and no 
events will be generated. if the continue is set to 1 an 
event will be generated as each byte of extension or user 

aata arrives at the Video Demux Th i * 

DATA -p , Tnis continues until the 

Token 15 exhausted or continue is set to 0. 
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10 



15 



NOT*": * 

1) The first byte of the extens ion/ user data 
is always presented via the rom_revision 
register regardless of the state of 
continue. 

2) There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14.7 Receiving Extra Information 

H.261 and MPEG allow information extending the coding 
standard to be embedded within pictures and groups of 
blocks (H.261) or slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A. 14. 6). No start code precedes the 
data and, thus, it cannot be deleted by the Start Code 
Detector. 

During H.261 operation, the Parser events ERR_PSPARE and 
ERR_G SPARE indicate the detection of this information. The 
corresponding events during MPEG operation are 
2 0 ERR_EXTRA_PICTURE and ERR_EXTRA_ SLICE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register, 
rom_revision . 

The state of the Video Demux register, continue, 
25 determines behavior after the event is cleared. if this 
register holds the value 0, then any remaining extra 
information will be consumed by the Video Demux and no 
events will be generated. if the continue is set to 1, an 
event will be generated as each byte of extra information 
arrives at the Video Demux. This continues until the extra 
information is exhausted or continue is set to 0. 
NOTE: 

DThe first byte of the extension/ user data is 
always presented via the rom_revision 
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— ^ register regardless of the state of 
continue . 

2)There is no event indicating that the. last 
byte of extension/user data has been 
read. 

A. 14. 7.1 Generation of the FIELD_INFO Toicen 

During MPEG operation, if the register field_info is set 
to l, the first byte of any extra_inf ormat ion_picture is 
placed in the FIELD_INFO Token. This behavior is not 
covered by the standardization activities of MPEG. Table 
A. 3.2 shows the definition of the FIELD_INFO Token. 

If field_info is set to l, no Parser event will be 

generated for the first byte of extra_inf ormat ion_picture . 

However, events will be generated for any subsequent bytes 

of extra_information_picture. If there is only a single 

byte of extra_information_picture, no Parser event will 
occur . 

A. 14.8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
characteristic of the video about to be decoded: 

■ horizontal and vertical size 

■ pixel aspect ratio 

• picture rate 

• coded data rate 

video buffer verifier buffer size 

If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A. 14.8.1 Change in picture size 

If the picture size has changed, the user's software 
should read the values in horiz_pels and vert__pels and 
compute new values to be loaded into the registers 
horiz_rr l acroblocks and vert_macroblocks . 
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SECTFON A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 

There are three main units responsible for spatial 
decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients. 
At the output (of the inverse DCT) DATA Tokens contain 8*8 
blocks of pixel information. 
A. 15.1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
of zeros between the coefficients that are represented. 
The Inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coefficients . 

The inverse modelling process is the same regardless of 
the coding standard currently being used. No configuration 

is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
any of the picture coding standards. 
A. 15.2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
Xn a decoder, the function of the inverse quantizer is to 
multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A. 15.2.1 overview of the standard quantization schemes 

There are significant differences in the quantization 
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scheme* .sed by each of the different coding standards To 
obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 

The register iq_coding_standard configures the operation 
of the inverse quantizer to meet the requirements of the 
different standards. In normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token. See section A. 21.1 for more information about coding 
standard configuration. 

The main difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 
operations required (rounding etc.), which are not 
described here. 

A'15.2,1 .1 H.261 1Q overview 

In H.26i; a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 
periodically to regulate the. data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. IS .2. 1 .2 JPEG IP overview 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
contained in the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A.1S.2.1. T MPEG 10 overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG, 4 quantization tables, each with 64 entries, can 
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be us*.. However, use of the tables is quitfi differgnt 

Two "types" of data are considered: intra and non- 
intra. A different table is used for each data type. Two 
"default" tables are defined by „ PEG . one is for use with 
intra data and the other with non-intra data (see Table 
A. 15.2 and Table A. 15.3,. These default tafales ^ ^ 
written into the quantization table memory of the Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables. 
One is for use with intra data and the other with non-intra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output from the tables is modified by a scale 
factor. 

A. 15. a. 2 Inverse quantizer registers 





Register nam* 


.9 

1 


sal Stala 


Description 






« 

tr 






iq_acc«s 


1 


0 


This access btt stops tna operation of tn« inverse quanus*r so thai ;:s 






rw 




various registers can be accessed ratably. See a. 6.4.1 




iq_coding_$undard 


2 

rw 


0 


This register configures :ne cooing sanoa/o used by trie mv-rse 

i 

quantiser. The register can be loaded directly or by a 
CODING.STANDARD Token. See A.21.1 




iq_Mynole .address 


8 

rw 


X 


Keynote access to tne wnicn noids tne * quanoser tables. See a. 5. a 3 
/or more information about accessing registers tnrcucn a 




'q_*«yrioJe_data 


B 

rw 


X 


Keynoie. 



Table A • 15 . 1 



Inverse quantizer 



registers 
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In the-present invention, the iq_access register must be 
set before the quantization table memory can be accessed. 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to 0. 
A. 15.2.3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the COD I NG_STANDARD Token. 

For H.261 operation, the quantizer tables are not used. 
No special configuration is required. For JPEG operation, 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
tables are loaded. This should be done while iq_access is 
set to l. The values in Table A. 15.2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data ) . 
Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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W k0 
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16 


27 


32 


29 




I 3 S 


I 


16 


17 


27 


33 


30 


49 


38 j 


2 


16 


18 


25 


34 


27 


50 


» j 


3 


19 


19 


26 


35 




5 I 


10 1 


4 


16 


20 


26 


36 




52 


I 45 j 


s 


19 


21 


26 


37 




53 


<0 i 


6 


22 


22 


27 


38 


32 


54 


«8 




7 


22 


23 


27 


39 


32 


55 


48 




8 


22 


24 


27 


4rt 


34 


56 


«. 




9 


22 


25 


29 




34 


57 


46 




10 


22 


26 


29 




37 


58 


56 




11 


22 


27 


29 


43 


38 




56 




12 


26 


28 


34 


44 


37 


60 


58 




13 


24 


29 


34 


45 


35 


61 


69 




14 


26 


30 


34 


46 


35 


62 


59 




15 


27 


31 


29 


47 


34 


63 1 


83 ' \ 



e A. 15.2 Default MPEG table for intra coded blocks 

Offset from start of quantization table 
memory 

Quantization table value. 
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It 
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it 
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i 


|| i 


1 1 


0 


16 




16 


32 


16 


48 


.6 | 


1 


16 


! 17 

1 


16 


33 


16 


<9 


1 

IS j 


< 


16 


18 


16 


34 


16 


50 


= 6 i 




16 


19 


16 


35 


16 


51 


i :s ! 


4 


16 


20 


16 


36 


i 

! 16 


52 


1 :3 : 




1.6 


21 


16 


37 


1 

16 


53 


I 

1 !5 


0 


16 


22 


16 


38 


16 


54 


j 


7 


ie 


23 


15 


39 


16 


£5 


15 1 


8 


16 


24 


:6 


40 


16 


£6 


16 


9 


16 


25 


16 


41 


16 


57 


:S ' 


10 


16 


25 


16 


42 


16 


58 


i 

* 5 ! 


1 1 


16 


27 


16 


43 


16 


59 


i 

55 ! 


12 


16 


28 


16 


44 


16 


60 


!S j 


13 


16 


29 


16 


*$ 


16 


61 


«s ! 


14 


16 


30 


16 


46 


16 


62 


15 


1S 


16 


31 


16 


47 


16 


« 1 
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A. 15. 2. 4 configuring tables from Tokens 

As an alternative to configuring the inverse quantizer 
tables via the MPI , they can be initialized by Tokens 
These Tokens can be supplied via either the coded data port 
or- the MPI. 

The QUANT_TABLE Token is described in Table A. 3.2. It 
has a two bit field tt -which specifies which of the 4 (0 to 
3) table locations is defined by the Token. For MPEG 
operation, the default definitions of tables 0 and 1 need 
to be loaded. 

A. is. 2. 5 quantization table values 

For both JPEG and MPEG, the quantization table entries 
are 3 bit numbers. The values 255 to 1 are legal. The 
value o is illegal. 

A. 15. 2. 6 Number ordering of quantization tables 
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The-quentization table values are used in "zig-zag" scan 
order (see the coding standards). The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 8X8 array) . The table entries at lower addresses 
correspond to the lower frequency OCT coefficients. 

When quantization table values are carried by a 
QUANT_TABLE Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 
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A.1S.*T7- I 



nverse quantizer test registers 



fleg:s:er name 



'q_quam_$caie 



'Q_prediction_mode 



•qJp«g_indif«ction 



« 

55 



Oescnption 



> not used currc. _?£3 ' 



2 

rw 



rw 
8 



loaded by the QUANT.SCALH Token. This „ , 
opera ho n. 

Thts register holds the (wo bit component ,0 «»K.n from „, f . os; ftctR| 
DATA Token head. This value is invoked «n the setect.cn of 
quantiser table. ; 

The register ma also hold the taw* , 0 after a QU ANT_TA8LE Token ! 
amves to load the table. I 



This hofds the two LSBs or the most recent PREDlCTION_MODE I 
Token. 



rw 



This register relates the rwo *( component jp numoer 0 f a DATA -Ken 
to the table number of (he quam.sat.on ^ should * use- 
Bits i:0 spec.* the tabfe number that will be sued with component c 
Sits 3:2 specify me (able number that will D « sued «im component 1 
Bits 5:4 specify the table number that mil be sued with comocr.ent 2 
Sits 7:6 specify the table number that will be sued with component 3 

This register is loaded by JP£G_TABIE_SELE CT Tokens. 

This two bit reotster records whether to use default or down icaceo 

quantisation ia& ( « with the intra and nostra data. 
A 0 in the bit position indicates that the de/auii table should te used, a » 
indicates that a down loaded table should be used. 
Si. 0 refers to intra data. 8rt 1 refer, to nonnntra data. This r.c.scer s 
normally loaded by me Token MPEG_TABLE_SELECT 



Table A.15.4 Inverse quantiser test registers 
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A . 15 . inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification P1180 and 
complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. no, 
configuration by the user is required. 

There are two events associated with the inverse 
discrete transform processor. 



Regis;er name 



en 



55 

S 



Description 



ldctjoo_few_event 



1 

rw 



idet_ioo_few_mask 



iact_too_m*ny_tv«nt 



rw 



lact_too_raany_mjsk 



1 

rw 



The Inverse OCT requ.res that aJi OATA Token* contain ezacrty 54 
vaJues. if less ;han 64 va iues are found men the too-few event *„i ^ 
generated. If the mask register is set to i then ah .nterruoi can oe 
generated and the inverse OCT will haJt 

This event should only occur following an error in the coded eata. 



The inverse OCT retires that aJI DATA Tokens contain exactly 64 
vaJues. if more than 64 values are found then tne too-many event w.u 5€ 
generated, if the mask register is set to 1 then an inierruot can t-e 
generated and the inverse OCT will haJL 

This event thcmd orty occur following an error in me coded data. 
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Table A.15.5 Inverse OCT event registers 

For a better understanding of the DCT and inverse DCT 
function the reader can examine any of the picture coding 
standards . 
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SECTION A. 16 Connecting to the output of Spatial 
Decoder 

The output of the Spatial Decoder is a standard Token 
Port w lth 9 bit wide data words. See Section A. 4 for more 
information about the electrical behavior of the interface 

The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and H.261 both require the use of the 
Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
which are most useful when designing circuits to display 
that output. other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here . 

This section concentrates on showing: 

How the start and end of sequences can 
be identified. 
•How the start and end of pictures can be 
identified. 

•How to identify when to display the picture. 
How to identify where in the display the 
picture data should be placed. 
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A.l««i Structure of J? BO pietures 

This section provides an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

5 JPEG provides a variety of mechanisms for encoding 

individual pictures. JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 

10 invention, supports JPEG's baseline sequential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 256 
different image (color) components. These image components 

15 can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 "Overview of JPEG baseline sequential 
structure") . 

If a scan contains a single image component, it is non- 
20 interleaved , if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 2 56 
limit on the number of image components that a frame can 
25 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. In a non-interleaved scan, the 
30 MCU is a single 8x8 block. Again, these are raster 
organized . 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded. However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded . 

A. 16.2 Token sequence 

The JPEG markers codes are converted to an analogous 
KPEG named Token by the Start Code Detector (see Table 
A. 11. 4, see Fig. 82 "Tokenized JPEG picture"). 
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SECTION A. 17 Temporal Decoder. 



30 



30 MH, operation 

Provides temporal decoding for MPEG & H.261 video decoders 
H.2S1 CIF and QCIF formats 

MPEG video resolutions up to 704x480, 30 Hz , 4 : 2 : 0 
Flexible chroma sampling formats 
Can re-order the MPEG picture sequence 
Glue-less DRAM interface 
Single +5V supply 
208 pin PQFP package 
Max. power dissipation 2 . 5W 
Uses standard page mode DRAM 
The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g., 512 k x 3) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
k x 16) the 704 x 480, 30Hz, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG). if included in a mult i -standard 
decoder, the Temporal Decoder will pass decoded JPEG 
pictures through to its output. 

Note: The above values are merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. it will be 
appreciated that other values and ranges may also be used 
without departing from, the invention. 
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A*17.1~* Temporal Decoder Signals 



Signai Name 


I/O 


Pin Numoef 


0«SC:iCUCn 


in_3ata(8.0I 


l 


173, 172. 171. 169. 163. 167. 166. ift*. 
163 


input Pan. This *s ^ sancar: xo *<re 
interface ncr— «a;iv ccnnee-e- 'a 


in_extn | 


174 




in.valid | 


162 




in_icctpt 


O 


161 


See sections a. a zrc 
A.18.1 


enaoie(1:0) 


t 


i ~" 

J 125. 127 


Micro Processor interface .v? 1 '. 


rw 


I 


125 




iddr(7:0l 


t 


137. 136. 135. 133. 132. 131. 130. 12B 




0*ta(7:0| 


o 


T *9. 1*7, 145. 143, 141, 140 


see a.o.i on ra^e 29. 


irq 


o 


154 




ORAM_dau(31:0) 


I/O 


15, 17, 19. 20. 22. 25. 27, 30. 31. 33, 35, 
38. 39. 42, 44. 47, 49. 57. 59. 61. 63, 66. 


ORAM interface. 






68. 70. 72. 74. 76. 79, ffl, 83. 84. 85 


C*a — \ £ 


OflAM_addr[iO:01 


o 


184. 186. 188. 189. 192. 193. 195. 197. 
199. 200. 203 


SaS 


0 


11 






0 


2.4.6. 8 




WE 


o 


12 




5* 


0 


204 




ORAM.«nabtt 


1 


112 


; 


out_dau[7:0) 


0 


69. 90. 92. 93 94 95 97 08 


Outoui Pan. 7>ij is a s;a.-ca/3 r*o 


out_e«n 


0 


87 


interlace. 


out_valid 


0 


99 


out.accept 


1 


100 


See sections a. 4 a«c a. \ 9 


I tck ■ 


1 


115 


JTAG Don, 


tfli | 


116 


See secoon a. 3 


too . 


o 


120 


tm$ 


1 117 




irst 


I 


121 




decooer_ciock 


1 


177 


The mam oecscer cock. 5ee 
Table A.7.2 


reset 


1 


160 





Table A. 17.1 Temporal Decoder signals 
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| Signal Name 


j I/O 


J 0*4* A|, . ^_ 

j Kin Num. 


Cescnotion 




tpno.sh 


1 1 


< 42. 


| if override . i (ne n tprtOish ana tphiiin V9 ;r C ua : or - e - n ~ : 




tphlish 


t 


123 


fwo phase ciock. 




overnde 


1 


110 


For normal operation s«t override * 0. tphOi$n and : 5 n t i sh ar9 
ignored (so connect to CNO or V 00 ). 




cniptest | 


111 


| s * ( cni p t«»i > 0 /or normal operation. 




tlOOD | ( 


114 


| Connect t0 CNO or V 00 duing normal ooerarcn. 




ramtest 


1 


109 


ii ramiest - i (est 0 t the on-cnip RAMs ts ervasied. 










Set ramtest » 0 for normaJ operation. 




piisetect 


1 


178 


1/ pllseiect « 0 the on-ch.p phase locked locrs are c.saoied. 










Set pllsefect • 1 for norma ooeration. 




ti 


1 180 


Two docks required by the ORAM interface -nng :cer a:iC n. 




tq 


1 


' 179 


Connect to GNO or V 00 during normal ooera:cn 




PdOUt | 


° 1 


207 


These two pins are connections for an 




Odin | 


' 1 


206 


external filter lor the phase lock loop. 




I I 92 j r 

Table A.17.3 Temper.) Decoder Pin As.ignments 



350 



Register name 



j --""D. access 



enip_s(opped_ev«nt 



chip_$topped_mas* 



count_trror_tvent 



count_error_mas* 



pic£ure_ourrer_0 



picture_ouffer_1 



i 

Vi 



\ 

rw 



01 

o 



Description 



I 

rw 



1 

rw 



wwng , :o cn.p.access guests ,,at n. r,™,,, :« :=e r n a ,~ 
ooeraoon io allow reconfiguration. 7h e Terr;;;* Oecoc- *.n 
continue operating normally until it reaches :re : .- e :.„...—; 

v-deo sequence. After reset . s removed cnis.access, : ... :rt 
Temporal Decoder is halted. 

When the chip stops a chip stopped event win occur. :r 
chip.stopped.mask » 1 an interrupt =e generated. 



i 



18 
rw 



18 
rw 



The Temporat Decoder has an adder that aces srecicscrj :o 
data. .1 there is a difference Befwe en the numcer of error - aa 3y ,„ 
and the numoer of predicts data Oyies then a count err;; -vent =» 
generated. 

1/ count.error.mask . I an .merrupt will = e generate- a- - 
prediction forming will s:op. 

This event should only arise following a hardware error. 



These specify the base addresses for ;ne O'cr.-.-e suffers. 



component_offsei_0 


17 


z 




rw 




component_of?s«t_l 


17 


I 








componen[_ortset_2 


17 


X 


"mp=, 


rw 





These specify the offset from :ne s<cture ou.Ter po.mer a: .-, c .n 
each of the colour components «s stored. Data with corrpc.-en; :C = 
n is stored staring at r.e position indicated ry 
component.offset.n. See A.3.S.1, "Competent icer.tt^r.m 
number* 



Serung mis register :o i manes ne Temporal Cecocer :.-a.-;e 
Pierre order from :ne n C n<ausal MP£G ;.c:u:e sec '.ere- :: :re 
correct display order oy the. See A. 1 8.3.5 

This regis ter should is ignored during .'PEG and H.25 1 rrea:: - 
Taole A.18.2 Temporal Decoder registers 



4 
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Signal ^ pj, 



Signal Name 



Pin 



S^nai Nam* 



Pin 



0RAM_iddr(4| 



Signal Name 



195 



data(2] 



143 



voo 



91 



VOO 



194 



CRAM_cata(i9j 39 



nc 



142 



out_sata(5] 



90 



| DPAM.acgrfSj 193 | datafij 
| OPAM_acarf6] 192 data(0] 



CRAM_cata[20[ 3a 



14 I 



out. saca (71 



39 



191 



37 



110 



nc 



68 



36 



nc 



139 



87 



GNO 



190 



j CP.AM_ =a : a (2»; 35 



woo 



138 



GNO 



86 



OSAW_acfirf7] 189 



4ddrf7] 



137 



ORAW. 3 ata(0| 85 



ORAM_addffai 188 J addr(6| 



C=>AM_ = a[a(22: 33 



136 



ORAw_data(iJ 84 



vro 



vOO 



187 



addr(5j 



135 



22 



0RAW.a(:df(9) 186 



ORAM_cala{2J 83 



CPAM.caia{23l 31 



GNO 



134 



VOO 



62 



nc 



I ORAM_addr{iO] 



185 
184 



OPAM_eaiaf2^j 30 



addr(4| 



133 DRAM_daiaf3| 



81 



rc 



29 



addr(3J 



132 



nc 



80 



GNO 



In 


GNO 


183 


addr(2] 


131 


0RAM_data(4) 


79 


| DPA.V»_cata(2S] 


27 


si 


nc 


182 


addr(i) 


130 


GNO 


78 


1 rc 


25 


j = 1 


voo 


181 


voo 


129 


nc 


77 


OnAW.ca:a(25l 


25 


.£1 


test o»n 


180 


addrfOJ 


128 


0RAM_aata(51 


76 


nc 


2* 




test Oin 


179 


enaaiefO) 


127 


nc 


75 


| voo 


23 




test pm 


178 


•naoie(i) 


126 


DRAM_caia(6j 


74 


CPAM_aa;a|27j 


22 




decoder_ciocK 


177 


™ 125 


voo 


73 


rc 


21 




nc 


176 


GNO 


124 


ORAM.earapl 


72 


OPAw_t;ata[2»| 


20 




GNO 


175 


(est pin 


123 


nc 


71 


| CPAW_data[29! 


'■9 


*f ! 


in_ertn 


174 


(est o*n 


122 


0RAM_3ata(8I 


70 


GNO 






'n.3ataf8] 


173 


tot 


121 


GNO 


69 


C Sam _data[30 


17 : 




:n_iatarn 


172 


tdo 


120 


0RAM_dau(91 


68 


nc 


15 ! 




in_dau[6| 


171 


nc 


119 


nc 


67 


CPAM_cata(3:j 


1 5 




voo 


170 


voo 


US 


ORAW_cata/iO| 


66 


voo 


14 




'n.daa(5J 


169 


(mi 


117 


voo 


65 


nc 


13 




in_cata{4j 


166 


tdi 


116 


nc 


" 1 


vv= 


<2 


! 


'"_=ata(3| 


167 


tck 


115 


ORAM_aata(n) 


63 


r\A3 


' 1 


r 


<n.cata[21 


166 


test oin 


114 


nc 


« 1 


r.c 




1 


GNO 


165 


GNO 


113 


ORAW,;atafi21 


1 


GNO 


9 


1 


"i_data( 1 j 


154 


ORAM_en&file 


112 


GNO 


60 


CTSfO] 


3 




<"_caia(0] 


163 


test ptn 


111 


ORAM.saa(i3| 


» 1 


nc 




1 


in_vajio 


162 


(est oin 


110 


nc 


58 


Ca3{ij 




1 


m.acceot 


161 


test oin 


109 


ORAW_caa(U] 


57 


vCO " - 



Table A. 17.3 Temporal Decoder Pin Assignments (contd) 
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10 



15 



Signal Name 


Pin 


| Sign*! Name 


Pin 


SignaJ Nam* 


Pin 


Signal Nam« 


Pin ; 


reset 


160 


nc 


108 


vOO 


56 




4 i 


VDO 


159 


nc 


107 


nc 


55 


nc 


3 ; 


nc 


158 


nc 


106 


nc 






2 : 


nc 


157 


nc 


■ 105 


nc 


53 


nc , 



Table A. 17. 3 Temporal Decoder Pin 
Assignments (contd) 

A. 17. i.i "nc" no connect pins 

The pins labelled nc in Table A. 17. 3 are not currently 
used m the present invention and are reserved for future 
products. These pins should be left unconnected. They 
should not be connected to V 00 , G ND, each other or any 

other signal. 



A. 17. 1.2 



and GND pins 



As will be appreciated all the v 0D and GND pins provided 
must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used. 

A. 17. 1.3 rest pin connections for normal operation 

Nine pins on the Temporal Decoder are reserved for 
internal test use. 



Pin number 


1 Connection 


1 




Connect to GNO (or normal operation 


I 




Connect t 0 y op tor nofma) OO0 f^ on j 




Leave Ooen Circuit (or normal operation j 



Table A. 17. 4 Default test pin connections 




• 
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A.l7,3rr4^ JTAG pins for normal operation 

See Section A. 8 . 1 . 



Addr. (her) 


| Register Name 


| See ;ar» ■ 


OiOO ... 0x0) 


| interrupt service area 


| a.:: 6 | 


0x02 ... 0x07 


rtot useo 




0x08 


Chip access 




0x09 ... OxOF 


Not used 


i 


0x10 


Picture sequencing 


A.'7 3 i 


Oxu ... OxiF 


Not used 




0x20 ... 0x2E 


ORAM interface ccnficuration registers 




| 0x2F ... 0x3F [ 


Not used 


i 
t 


| 0x40 ... 0x53 


Buffer configuration 


A. 17.3 j 


0x54 ... 0x5F 


Not used 


1 


0i50 ... OxFF 


Test registers 


a.: 7ti 

1 



Table A. 17. 5 overview of Temporal Decoder 

memory map 



Addr. 


Bit 






(hex) 


num. 


Register Name 


Page references 


0x00 


7 


chip_eveni j 




6:2 


not used | 




1 


critp.stopp«d_event j 




0 


count.error.event | 


0x01 


7 


enfp_mask | i 




6:2 


not used i ; 




1 


cnip_*topp«d_matk j 




0 


count_erTor_m«sk j 



1>01 ' *•*'•« Interrupt service area regist 



:ers 
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Table A, 17. 7 chi 



lp access register 



Addr. 
(he*) 


Bit 

num. 


Register Name 


Paje references 


Ox to 


7:1 not used • — t ■ 

1 ! 

0 | MPeG.feordering - ] ; 

! ' 



Table A. 17. 8 Picture sequencing 
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ACdf. 


Sit 




1 


(hex) 


num. 


Register Name 


j ?a;e references 


0x20 


7:5 


not used 


1 




4:0 


p»ge_stjnjengtn(4:0) 


i i 


0x21 


7:4 


not used 




| 3:0 


read_cycte_i«ngtn(3:0] . 


0x22 


7:4 


not used 1 

I i 




3:0 


*mte_cyciej«ngtn(3:0J | ( 


Cx23 


7:4 


1 not used 


1 




3:0 


refresn_cycl«j«ngtn[3:0] 


0x24 


7:4 


not used | 




3:0 


CAS_f»iHng(3:0] 


0x25 


7:4 


not used 


! 




3:0 


RASJ«Utng(3:0] i 


0x26 


7:1 


not used 


( 




0 


Interfaee.timing.aecess 


0x27 


7:0 


not used 


j 


0x28 


7:6 


RAS_strtngtn(2;0| | 




5:3 


OCWE_strengtn(3:0] j j 




2:0 


OflAM_deta_strengm(3:0J j ; 


0x29 


7 


not used | t 




6:4 


OHAM_addr_stftngm(3:0) | 




3:1 


CAS_str»ngni[3:0] | 




0 


RAS_strtngth(3] j 



Table A. 17. 9 DRAM interface configuration registers 
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Addr. 
(hex) 


Bit 
num. 


Register Name 


Pace references ■ 

1 

\ 


0x29 


7 


not used 






6:4 


DflAM_addr_strengtn(3:0J 






3:1 


CAS_strtngtfi(3:0| | j 




0 


RAS„$trtngtht3J j 


i 


Cx29 


7:6 


RAS.ttftngm(2:0] j 






5:3 


OEWE_strengtn[3:0J j 




1 


2:0 


ORAM_data_strength[3:0J ; 


0x2A 


7:0 


refresh interval ■ 

1 


0x23 


7:0 


not used j 


0*2C 


7:6 


not used { | 




5 


0RAM_*niDie J 




4 


no.refresft | : 




3:2 


row_address_bitsp:0] | f 




1:0 


ORAM,deu_widtn(i:0J i 


0x20 


7:0 


not used | 




0x2 E 


7:0 


Test registers j 



Table A. 17.9 DRAM interface configuration 
registers (contd) 



Addr. 


Bit 










Register Name 


Page references 


(hex) 


num. 






0x40 


7:0 


not used | 

! ; 


0x41 


72 


1:0 


picture_dufferj>(17:01 | 

I j 


' 0x42 


7:0 


0x43 


7:0 


0X44 


7:0 


not used 




0x4S 


7:2 




1:0 


piciure_0ufl«r_1[l7:0) j 

i 
1 
i 
1 


Cx4€ 


7:0 


| 0x47 


| 7:0 



Table A. 17.1 0 Buffer configuration registers 
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0x53 j 7fl | 

Table A.17.10 Buffer configuration registers (contd) 



Add/. 


Bit 
num. 


Register Nam* 


Page references 


0x2£ 


7... 4 


PLL resistors 






3... 0 






0x60 


7... 6 


not us«d | | 




5... 4 


cotilng_stanaard(l:0) j 




3... 2 


pictuf«_TYp«(l:0] | j 




1 


M261_f1lt i 






0 






0x6 1 


7 ...6 


eomponenrid | j 




5 ...4 


prediction.mode j j 


I 


3 ... 0 


max.samo(>ng | 


i 


0x62 | 


7 ...0 


umo.ri | 


j 


Ox S3 


7 ... 0 


simo.v 


! 


Table A.l 7.11 Test registers 




(hex) 


Bit 
num. 


Register Name 


i 

Page references ; 

j 


0x64 


7 ...0 ■ 


| Dacx_.i 


i 


0x65 


7... 0 






0x66 


7... 0 


back.v 


i 
1 


0x67 


7 ... 0 


I 


0x66 


7...0 


lorw_n 


f 

I 


0x63 


7 ...0 




i 


0i6A 


7 ... 0 


lorw_v 


! 


0x63 


7 ... 0 


j 


0x6C 


7 ...0 






0x60 


7 ... 0 


i 



Table A. 17. 11 Test registers (contd) 



Table A.17.H Test registers (contd) 
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SECTION A.18 Temporal Decoder Operation 

A. 18.1 Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
5 applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A. 4 for 
more information about the electrical behavior of this 
interface. 

A. 18 • 2 Automatic configuration 

10 Parameters relating to the coded video's picture format 

are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder. 



Token Configuration performed 

COOINO STAJTDAAC The coding standard of the Temporal 

Decoder is automatically configured by the 
CODIMG_STAXDAJtD Token. This ia generated 
by the Spatial Decoder each time a new 
sequence is started. See Figure 56 

PET I HE SAMFLIMO The horizontal and vertical chroma 

sampling information for each of the color 
components is automatically configured by 
DEF I NE__S AMPL X MO Tokens. 

BORI JOKTAX_KB« The horizontal width of pictures in macro 

blocks is automatically configured by 
HORIIOKTAL KB 8 Token. 



Table A. 18.1 Configuration of Temporal 
Decoder via Tokens 
A. 18. 3 Manual configuration 

20 The user must configure (via the microprocessor 

interface) application dependent factors. 




A. 18.3^0.^ When to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing i no the 
chip_access register. After configuration is complete, 0 
should be written to chip_access. 

See Section A. 5. 3 for details of when to configure the 
DRAM interface; 

A. 18. 3.2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG) . see Section. A. 5, "DRAM Interface". 
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A. 18. 3=^3^ Numbers in picture buffer registers 

The picture buffer pointers (18 bit) and the component 
•offset (17 bit) registers specify a block (8x8 bytes) 
address, not a byte address. 
A. 18.3, A Picture buffer allocation 

To decode predictively coded video (either H.261 or 
MPEG) the Temporal Decoder must manage two picture buffers. 
See Section A. 18.4 and A. 18.4.4 for more information about 
how these buffers are used. 

The user must ensure that there is sufficient memory 
^ above each of the picture buffer pointers (picture_buf f er_0 

;fl and picture_buf fer_l) to store a single picture of the 

g required video format (without overlapping with the other 

U picture buffer). Normally, one of the picture buffer 

q 15 pointers will be set- to 0 (i.e., the bottom of memory) and 

W the other wiil be set to point to the middle of the memory 

space . 

!=■ A . 18 . 3 . 4 . l Normal configuration for MPEG or H.261 

j= H.261 and MPEG both use a 4:1:1 ratio between the 

different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the 
chrominance components) , 

As documented in Section A. 3. 5.1, "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 

An example configuration of the component offset 
registers is to set component_of f set_0 to 0 so that 
component 0 starts at the picture buffer pointer. 
Similarly, component_of f set__l could be set to 4/6 of the 
picture buffer size and .component__of fset_2 could be set to 
5/6 of the picture buffer size. 
A. 18. 3.5 Picture sequence re-ordering 

MPEG uses three different picture types: Intra (I), 



n 20 



25 



30 



# % 

r 
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Predicted (P) and Bidirectionally interpolated (B) . b 
pictures are based on predictions from two pictures: one 
from the future and one from the past. The picture order 
is modified at the encoder so that I and P picture can be 
5 decoded from the coded date before they are required to 
decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can 
provide this picture re-ordering (by "setting register 
10 MPEG_reordering = 1). Alternatively, the user may wish to 
implement the picture re-ordering as part of his display 
interface function. Configuring the Temporal Decoder to 

y provide picture re-ordering may reduce the video resolution 

-J that can be decoded, see Section A. 18.5. 

J1 15 A. 18. 4 Prediction forming 

=p The prediction forming requirements of H.261 decoding 

^ and MPEG decoding are quite different. The CODING_STANDARD 

Token automatically configures the Temporal Decoder to 
~ accommodate the prediction requirements of the different 

13 20 standards. 
M A. 18. 4.1 JPEG Operation 

IT When configured for JPEG operation no predictions are 

performed since JPEG requires no temporal decoding. 
A. 18.4.2 H.261 Operation 
25 In H.261, predictions are only from the picture just 

decoded. Motion vectors are only specified to integer 
pixel accuracy. The encoder, can specify that a low pass 
filter be applied to the result of any prediction. 
As each picture is decoded, it is written in to a 
30 picture buffer in the off-chip DRAM so that it can be used 
in decoding the next picture. Decoded pictures appear at 
the output of the Temporal Decoder as they are written into 
the off-chip DRAM. 

For full details of prediction, and the arithmetic 



353 



operations involved, the reader is directed to the H.261 
standard. The Temporal Decoder of the present invention is 
fully compliant with the requirements of H.261. 
A. 18.4.3 MPEG Operation (without re-ordering) 

The operation of the Temporal Decoder changes for each 
of the three different MPEG picture types (I, p and B) . 

"I" pictures require no further decoding by the Temporal 
Decoder, but must be stored in a picture buffer (frame 
store) for later use in decoding P and B pictures. 

Decoding P pictures requires forming predictions from a 
previously decoded P or I picture. The decoded P picture 
is stored in a picture buffer for use in decoding P and B 
pictures. MPEG allows motion vectors specified to half 
pixel accuracy. On-chip filters provide interpolation to 
support this half pixel accuracy. 

B pictures can require predictions from both of the 
picture buffers. As with P pictures, half pixel motion 
vector resolution accuracy requires on chip interpolation 
of the picture information. B pictures are not stored in 
the off-chip buffers. They are merely transient. 

All pictures appear at the output port of the Temporal 
Decoder as they are decoded. So, the picture sequence will 
be the same as that in the coded MPEG data (see the upper 
part of Figure 8 5) . 

For full details of prediction, and the arithmetic 
operations involved, the reader is directed to the proposed 
MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 
A.18.4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re- 
ordering (MPEG_reordering « 1) , the prediction forming 
operations are as described above in Section A. 18. 4. 3. 
However, additional data transfers are performed to re- 
order the picture sequence. 



10 



15 



20 



30 
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B p^cfrure decoding is as described in section A. 18. 4.3 
However, I and P pictures are not output as they are 
decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only 
when a subsequent I or ' P picture arrives for decoding. 

A. 18.4.4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the 
subsequent P (or I) picture starts to decode. This should 
be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

A. 18.4.4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I 
pictures to flush previous pictures out of its off-chip 
buffers (frame stores). This has consequences at the end 
of video sequences and when starting new video sequences. 
The Spatial Decoder provides facilities to create a "fake" 
I/P picture at the end of a video sequence to flush out the 
last P (or I) picture. However, this "fake" picture will 
be flushed out when a subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this 
"fake" picture. This may be useful where it is known that 
a new video sequence will be supplied to the decoder 
immediately after an old sequence is finished. The first 
picture in this new sequence will flush out the last 
25 picture of the previous sequence. 
A. 18.5 Video resolution 

The video resolution that the Temporal Decoder can 
support when decoding MPEG is limited by the memory 
bandwidth of its DRAM interface. For MPEG , two cases need 
to be considered: with and without MPEG picture re- 
ordering . 

Sections A. 18.5. 2 and A. 18.5.3 discuss the worst case 
requirements required by the current draft of the MPEG 
specification. Subsets of MPEG can be envisioned that have 
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lower ^ry bandwidth retirements. For example, usin g 
onl y lnte resolutiQn motiQn vectQrs Q ^ P . 

not u .x„ g B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed 
nere . 

A.18.S.1 Characteristics of DRAM interface 

The number of cycles taken to transfer dat, across the 
DRAM interface depends on a number of factors: 

The timing configuration of the DRAM interface 
to suite the DRAM employed 
The data bus width (8, 16 or 32 bits) 
The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

- for prediction to integer pixel accuracy 
See section A. 5, -dram Interface", for more information 

about the detail configuration of the DRAM interface 

Table A. 18. 3 shows how many DRAM interface "cycles" are 

required for each type of data transfer. 



Data bus widtn 
(bits) 



read or write 8x6 
block 



form prediction (half 
pi*el accuracy) 



form prediciicn 
(integer pixel 
accuracy) 



1 page address ♦ 64 
transfers 



4 page address ♦ 81 
transfers 



16 



1 page address - 22 
transfers 



4 page address - 54. 
transfers 



4 page address ♦ 45 



22 



4 page acsress - 40 
transfers 



1 page address *■ 16 
transfers 



4 page address * 27 
transfers 



4 page address * 24 
transfers 



Table A.18.3 Data transfer times for Temporal Decoder 
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Tab*e^.i8.4 takes the figures in Table A. 18.3 and 
evaluates them for a "typical" DRAM. m this example, a 27 
MHz clock is- assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The 
access start takes n ticks (102ns). and the data transfer 
takes 6 ticks (56 ns) . 

A. 18.5.2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B 
pictures. m a "worst case" scenario, the B frame may be 
formed from predictions from both the picture buffers with 
ail predictions being to half pixel accuracy. 









form prediction 


Oata bus width 


read or write 8x6 


form prediction (half 


(integer pixel 


(bits) 


block 


pixel accuracy) 


accuracy) 


8 


36S7 ns 


4907 ns | 


3963 ns 


16 


I860 ns 


2907 ns j 


2l9Sns 


32 " 


991 ns 


1907 ns 


1741 ns 

i 



Table A. 16. 4 Illustration with "typical" DRAM 

Using the example figures from Table A. 18.4, it can be 
seen that it take the DRAM interface 3815 ns to read 

the data require for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution 
that the Temporal Decoder can support is determined by the 
number of nhcse predictions that can be performed within 
one picture time. In this example, the Temporal Decoder 
can pro.-.-^s 8737 8x8 blocks in a single 33 ms picture 
period (e g. , for 30 Hz video) . 
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If the* required video format is 704 x 480, then each 
picture contains 7920 8x8 blocks (taking into 
consideration the 4:2:0 chroma sampling). It can be seen 
that this video format consumes approx. 91% of the 
5 available DRAM interface bandwidth (before any other 

factors such as DRAM refresh are taken into consideration) . 
Accordingly/ the Temporal Decoder can support this video 
format . 

A. 18. 5.3 MPEG resolution with re-ordering 

10 When MPEG picture re-ordering is employed the worst case 

scenario is encountered while P pictures are being decoded. 
During this time, there are 3 loads on the DRAM interface: 

• form predictions 

• write back the result . 

15 • read out the previous P or I picture 

Using the example figures from Table A . 18 . 3 , we can find 
the time it takes for each of these tasks when a 32 bit 
wide interface is available. Forming the prediction takes 
1907. ns/n while the read and the write each take 991 ns, a 
20 total of 3839 ns . This permits the Temporal Decoder to 
process 3435 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 430 video will use approximately 
93% of the available memory bandwidth (ignoring refresh). 
A. 18. 5.4 H.261 

25 H.261 only supports two picture formats CIF (352 x 283) 

and QCIF (172 x 144) at picture rates up to 30 Hz. A CIF 
picture contains 2376 8x8 blocks. The only memory 
operations required are the writing of 8 x 8 blocks and the 
forming of predictions with integer accuracy motion 

3 0 vectors. 

Using the example figures from Table A. 18.4 for an 8 bit 
wide memory interface, it can be seen that writing each 
block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per • 




358 



25 



30 



block- Therefore, the processing time for a single 
Picture ls about 18 ms , comforrab less I C ^ 

required to support 30 Hz video. 

A.18.5.S JPEG 

5 The resolution of JPEG "video" that can h » 

will h. tnat can be supported 

will be determined by the capabilities of the Spatial 
Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution 
A. 18. 6 Events and Errors 
10 A. 18. 6.1 chip stopped 

in the present invention, writing 1 to chip access 

that . the Temp ° rai ^ ^,- ion to allow 

COnfl * urat — Once received, the Temporal Decoder win 
continue operating normally until it reaches the end of the 

I 1 '" SeqUSnCe - Temporal OecoJ 

is halted. 

When the chip halts, a chip stopped event will occur 
chip^topped^as^!, an interrupt will be generated ' 
a. ib. 6.2 Count Error 

The Temporal Decoder, of the present invention, contains 
an adder that adds predictions to error data. If there \ s 
a difference between the number of error data bytes and the 
number of prediction data bytes, then a count error event 
is generated. 

If count_error_mask = x an interrupt „ m fae generated 
and forming prediction will stop. 

Writing 1 to count_error_event clears the event and 
allows the Temporal Decoder to proceed. The DATA Token 
tnat caused the error will n,.n 

or Wlil th en proceed. However, the DATA 
Token that caused the. error win not be of the correct 
length (64 bytes). This is likely to cause further 
problems. Thus, a count error should only arise if a 
significant hardware error has occurred. 
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SECTION A.19 Connecting to the output of the 
Temporal Decoder 

The output of th. Temporal Decoder is a standard Token 
Port with 8 bit wide data words. See Section A. 4 for more 
information about the electrical behavior of the interface 
The Tokens present at the output of the Temporal Decoder 
will depend- on the coding standard employed and, in the 
case of MPEG, whether the pictures are being re-ordered 
This section identifies which of the Tokens are available 
at the output of the Temporal decoder and which are the 
most useful when designing circuits to display that output 
Other Tokens will be present, but are not needed to display 
the output and, therefore they are not discussed here. 
This section concentrates on showing: 
How the start and end of sequences can be identified. 
How the start and end of pictures can be identified. 
How to identify when to display the picture. 
How to identify where in the display the picture 
data should be placed. 
A. 19.1 jpeg output 

The Token sequence output by the Temporal Decoder when 
decoding JPEG data is identical to that seen at the output 
of Spatial Decoder. Recall, JPEG does not require 
processing by the Temporal Decoder. However, the Temporal 
Decoder tests intra data Tokens for negative values 
(resulting from the finite arithmetic precision of the IDCT 
in the Spatial Decoder) and replaces them with zero. 

See section A. 16 for further discussion of the output 
sequence observed during JPEG operation. 
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A. 19.2^. It. 261 Output 

A. 19.2.1 start and end of sessions 

H.261 doesn't signal the start and end of the video 
stream within the video data. Nevertheless, this is 
implied by the application. For example, the sequence 
starts when the telecommunication connection is made and 
ends when the line i s dropped. Thus, the highest layer in 
the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in 
accordance with the invention, allows SEQUENCE_START and 
CODING_STANDARD Tokens to be inserted automatically before 
the first P I CTURE_ST ART . See sections A. 11.7.3 and 
A. 11 . 7 . 4 . 

At the end of an H.261 session (e.g., when the line is 
dropped) the user should insert a FLUSH Token after the end 
of the coded data. This has a number of effects (see 
Appendix A. 3 1 . 1 : 

• It ensures that PICTURE_END is generated to 
signal the end of the last picture. 

• It ensures that the end of the coded data is pushed 
through the decoder. 

A. 19. 2. 2 Acquiring pictures 

Each picture is composed of a hierarchy of elements 
referred to as layers in the syntax. The sequence of 
Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 
A. 19. 2 .1 Picture layer 

Each picture is preceded by a PICTURE_START Token and 
each is immediately followed by a PICTURE_END Token. H.261 
doesn't naturally contain a picture end. This Token is 
inserted automatically by the Start Code Detector of the 
Spatial Decoder. 

After the PICTURE_START Token, there will be 
TEMPO RAL_REFERENCE and PICTURE_TYPE Tokens. The 
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onlv tho - T carries a 10 bit number (of which 

only the 9 LSBs are used in h . 26 1 ) that . indicates when the 
Picture should be displayed. This should be studied by any 
display system as „. 261 encoders can om . t pictures from 

sequence (to achieve lower data rates) . Omission of 
Pictures can be detected by the temporal reference 
incrementing by more than one between successive pictures 
Next, the PICTURE_TYPE Token carries information about" 
the P1 cture format. A display system may study this 
information to detect if GIF or QCIF pictures are being 
decoded. However, information about the picture format is 
also available by studying registers within the Huffman 
decoder . 

<Xre£ to Huffman decoder section) 

A. 19.2.2.2 Group of Blocks T„y^ 

Each H.2 61 picture is composed of a number of "groups of 
blocks". Each of these is preceded by a SLICE_STAKT Token 
(derived from the H.261 group number and group start code) 
This Token carries an 8 bit value that indicates where in 
the display the group of blocks should be placed. This 
provxdes an opportunity for the decoder to resynchronize 
after data errors. Moreover, it provides the encoder with 
a mechanism to skip blocks if there are areas of a picture 
that do not require additional information in order to 
describe them. By the time SLICE_START reaches the output 
of the Temporal Decoder, this information is effectively 
redundant as the Spatial Decoder and Temporal Decoder have 
already used the information to ensure that each picture 
contains the correct number of blocks and that they are in 
the correct positions. Hence, it should be possible to 
compute where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that 
have been output since the start of the picture. 

The number carried by SLICE_START is one less than the 
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H.2 61 group of blocks number (see the H.261 standard for 
more information) . Figure 94 shows the positioning of 
H.261 groups of blocks within CIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the 
5 same as that carried by SLI C E_ST ART . This is different 
from the H.261 convention for numbering these groups. 

Between the SLICE_START (which indicates the start of 
each group of blocks) and the first macroblock there may be 
other Tokens. These can be ignored as they are not 
10 required to display the picture data. 



A. 19 .2.2.3 Mtcroblock layer 

The sequence of macroblocks within each group of blocks 
is defined by H.261. There is no special Token information 
describing the position of each macroblock. The user 
5 should count through the macroblock sequence to determine 
where to display each piece of information. 

Figure 96 shows the sequence in which macroblocks are 
placed in each group of blocks. 

Each macroblock contains 6 DATA Tokens, The sequence of 
10 DATA Tokens in each group of 6 is defined by the H.2 61 
macroblock structure. Each DATA Token should contain 
exactly 64 data bytes for an 8x8 area of pixels of a single 
color component. The color component is carried in a 2 bit 
number in the DATA Token (see section A. 3. 5.1). However, 
15 the sequence of the color components in H.261 is defined. 
Each group of DATA Tokens is preceded by a number of- 
Tokens communicating information about motion vectors, 
quantizer scale factors and so forth. These Tokens are not 
required to allow the pictures to be displayed and, thus, 
2 0 can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a 
single color component. These are in a raster order. 
A. 19.3 HP EG output 

MPEG has more layers in its syntax. These embody 

2 5 concepts such as a video sequence and the group of 

pictures. 

A. 19. 3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence 
starts) but should have only a single exit point (sequence 

3 0 end) . When an MPEG sequence header code is decoded, the 

Spatial Decoder generates a CODING_STANDARD Token followed 
by a SEQUENCE_START Token. 

After the SEQUENCE__STAKT , there will be a number of 
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Tokens-ofe sequence header information that describe the 
video format and the like. See the draft MPEG standard for 
the information that is signalled in the sequence header 
and Table A. 3. 2 for information about how this data is 
5 converted into Tokens. This information describing the 

video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times 
within an MPEG sequence, if that sequence has several entry 
10 points. 

A. 19. 3. 2 Group of pictures layer 

An MPEG group of pictures provides a different type of 
"entry" point to that provided at a sequence start. The 
sequence header provides information about the 
15 picture/video format. Accordingly, if the decoder has no 
knowledge of the video" format used in a sequence, it must 
start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to 
start decoding at any group of pictures. 

MPEG doesn't limit the number of pictures. in a group. 
However, in many applications a group will correspond to 
about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a 
25 GROUP_START Token. The header information provided after 
GROUP_START includes two useful Tokens: TIME_CODE and 
BR0KEN_CL0SED. 

TIME_C0DE carries a subset of the SMPTE time code 
information. This may be useful in synchronizing the video 
decoder to other signals. BR0KEN_CL0SED carries the MPEG 
closed_gap and broken^link bits. See Section A. 19. 3. 8 for 
more on the implications of random access and decoding 
edited video sequences. 
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A.19.3=K3, Picture layer 

St3rt ° f 3 P icture is indicated by the 

X mL R R A E 7 START TOkSn - AfteC thiS ^ < t h ./. will be 
T E MP ORAL _ REKERENCE and piCTURE _ TypE Tokens 

s :ri: n ; nformation may be if ™* -- er 

con ^9«- to provide picture re-ordering. The 
Picture type information may be useful if a display system 
wants to specially process B pictures at the 
open GOP (see Section A. 19. 3. 8). 

Each picture is composed of a number of slices. 
A. 19. 3. 4 Slice layer 

H ^rT/' 1 , 9 ' 2 - 2 - 2 diSCUSSSS the '"up of blocs used in 
H.261. The slice in MPEG serves a similar function. 
However the slice structure is not fixed by the standard. 
The 8 bxt value carried by the SLICE_START Token is one 
less than the "slice vertical position" communicated by 

si Le l^r" 6 "™ « the 

By the time SLICE_START reaches the output of the 
Temporal Decoder, this information is effectively redundant 
since the Spatxal Decoder and Temporal Decoder have already 
used the information to ensure that each picture contains 
the correct number of blocks in the correct positions. 
Hence, it should be possible to co-put. where to position a 
block of data output by the Temporal Decoder just by 
counting the number of blocks that have been output since 
the start of the picture. 

See section A. 19. 3. 7 for discussion of the effects of 
using MPEG picture re-ordering. 
A. 19. 3. 5 Macroblock layer 

Each macroblock contains 6 blocks. These appear at the 
output of the Temporal Decoder in raster order (as 
specified by the draft MPEG specification). 
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A. 19.3^6^ Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the draft MPEG 
specification (this is the same as the H.261 macroblock 
structure). Each DATA token should contain exactly 64 data 
bytes for an 3 x 8 area of pixels of a single color 
component. The color component is 'carried in a 2 bit 
number in the DATA Token (see A. 3. 5.1). However, the 
sequence of the color components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of 
Tokens communicating information about- motion vectors, 
quantizer scale factors, and so forth. These Tokens are 
not required to allow the pictures to be displayed and, 
therefore, they can be ignored. 
15 A. 19. 3. 7 Effect of MPEG picture re-ordering 

As described in A . 1 8 . 3 . 5 , the Temporal Decoder can be 
configured to provide MPEG picture re-ordering 
(MPEG_reordering-l) . The output of P and I pictures is 
delayed until the next P/I picture in the data stream 
starts to be decoded by the Temporal Decoder. At the 
output of the Temporal Decoder the DATA Tokens of the newly 
decoded P/I picture are replaced with DATA Tokens from the 
older P/I picture. 

When reordering P/I pictures, the PICTURE_START, 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens of the picture 
are stored temporarily on-chip as the picture is written 
into the off-chip picture buffers. When the picture is 
read out for display, these stored Tokens are retrieved. 
Accordingly, re-ordered P/I pictures have the correct 
30 values for PICTURE_START , TEMPORAL_REFERENCE and 
PICTURE_TVPE. 

All other tokens below the picture layer are hot re- 
ordered. As the re-ordered P/I picture is read-out for 
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display it picks up the lower level non-DATA tokens of the 
picture that has just been decoded. Hence, these sub- 
picture layer Tokens should be ignored. 
A. 19. 3. 8 Random access and •ditad saquancas 

The Spatial Decoder provides facilities to help correct 
video decoding of edited MPEG video data and after a random 
access into MPEG video data. 
A. 19. 3. a. i op« P qpffj 

A group of pictures (GOP) can start with B pictures that 
are predicted from a P picture in a previous GOP. This is 
called an "open GOP". Figure 107 illustrates this. 
Pictures 17 and 18 are B pictures at the start of the 
Q second GOP. If the GOP is "open«, then the encoder may 

have encoded these two pictures using predictions from the 
OS 15 p Picture 16 and also the I picture 19. Alternatively, the 
y encoder could have restricted itself to using predictions 

;F from only the I picture 19: In this case, the second GOP 

hj is a "closed GOP". 

^ If a decoder starts decoding the video at the first GOP, 

jrj20 it will have no problems when it encounters the second GOP 
□ even if that GOP is open since it will have already decoded 

g the P picture 16. However, if the decoder makes a random 

access and starts decoding at the second GOP it cannot 
decode B17 and B18 if they depend on P16 (i.e., if the GOP 
25 is open) . 

If the Spatial Decoder of the present invention 
encounters an open GOP as the first GOP following a reset 
or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the 
Huffman decoder will consume the data for the B pictures in 
the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The 
result will be that pictures B17 and B18 (in the example 
above) will be identical to 119. 
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Thi's- behavior ensures <~ /-.»->-=,-.- 
VBV rules Also " " Ct maintena «« of the „p EG 

Also, lt ensures that B pictures exist in n, 

Ihe'oW r iti0nS Within the ° utput s — -™ y 6 

he other data channels. F or example, the MPEG system 
5 layer provides presentation time information relatlno aud • 
data to video data Th. „ • .« relating audio 

refer to th , Presentation time stamps 

refer to the first displayed picture in a GOP i. e the 
Picture with temporal reference o. In the example above 
the first displayed picture after a random access to the 
10 second GOP is B17. e 

The BROKEM_CLOSED Token carries the MPEG closed gop bit 
Hence at the output of the Temporal Decoder it is "possible 
to determine if the B pictures output are genuine or 
substitutes" have been introduced by the Spatial Decoder. 

these ' b C t nS TOay WlSh ^ SPSCial — 

these "substitute" pictures are present. 

ft. 19, 3. a. 2 Erfih ad v^.» 

If an application edits an MPEG video sequence, it may 

r d v elationship between tw ° gops - - «» - 

the edit is an open GOP it will no longer be possible to 
w correctly decode the B pictures >h- k • 

J cop Th» , • Pictures at the beginning of the 

; GOP The application editing the MPEG data can set the 

- r; n -r bit in the gop af ter the edit to ^ 

the decoder that it will not be able to decode these B 

25 pictures. 

If the spatial Decoder encounters a GOP with a broken 
link, the Huffman decoder will decode the data for the B 
Pictures in the normal way. However, it will output B 

30 oi!- Ur " PrSdiCted With <°<°> vectors off the I 

Picture. The result „ m be ^ ^ ^ 

the example above) will be identical to 119 

The BROKEH_CLOSED Token carries the MPEG broken link 

oos sih r nCe ' " ° UtPUt ° f tHe Decoder" it is 

Possible to determine if the B pictures output are genuine 
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or substitutes,, that have bGen introduced by the 
Decoder. some .pplictions may wish to take special 
measures when these "substitute- pictures are present 
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SECTfOM A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 
■The detail timing of the interface can be configured 
to accommodate a variety of different DRAM types 
•The "width" of the DRAM interface can be configured 
to provide a cost/performance trade-off 



Signal Name 


Input/ 
Cutout 


Description 


DRAM_daia(31:0J 


.I/O 


The 32 bu wide DRAM data bus. Optionally this dus can te r=.-::;-_,-=c :z 
be 1 6 or 8 bits wide. 


DRAM_addr(10:0| 


O 


The 22 bit wide ORAM interface address is ome mullioiexw over i^s : : 
bit wide bus. 




O 


The ORAM Row Address Slrooe signal , 


I 


0 


The ORAM Column Address Strobe signal. One signal is provicec per f 
byte of me interface's data bus. All the CA5 signals are driven j 
simultaneously. t 




0 


The ORAM Write Enable signai i 


OS 


o 


The ORAM Outout Enable signal 


0RAM_cnat)l« 


1 


This input signaj, when low. makes aU tne outout signals or. :-:e unbrace ' 
go high impedance and stops activity on the ORAM interface. 



Table A.20.1 ORAM interface signals 



I 

I 

| Register name 


Size/ 
Dir. 


Reset 
State 


Cescription 


modify_DRAM_timing 


1 bit 
rw 


0 


This function enable register allows access to the ORAM <r terrace 
timing configuration registers. The configuration regisiers s"uc 

this register requests access to modify the configuration re;*:*'* 
After a zero has been wnrten to this register the ORAM * - 
sun to use the new values m the timmg configuration rec/s:5'3 
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Register name 


Size/ 
Dir. 


Resei 
State 


i 

Oescncticn j 


oaae start lenath 


5 bit 
rw 


A 
\J 


mc nji'ym ui tins olwcw . *n minirrttjm v^lrj* 

mat can Oe used is 4 (meaning 4 | IC xsi. 0 selects :he rra^mu.-r: 
length of 32 ticks. 


reaQ_cycie_iengtn 

t 

I 

i 

i 


4 Di t 

rw 


0 


Specifies the length of tne 'ast cage read cycle in jicxs. The 
minimum value trial can oe used is - (meaning 4 ticks). 0 selects 
majtimum length of tS ticks. 


wrne_CYCie_l«ngm 

i 

! 


4 bit 
rw 


0 


Specifies the length of the last page ia:a writs cycle :n ::cxs. The 

i 

minimum value that can be used is - (meaning 4 ticks). 0 selects me 
maximum lengtH of 1 6 ticks. j 


i 

1 refresh_cyclejength 

t 

i 


4 Sit 
rw 


0 


Specifies tne lengtn of trie refr esn cyce in txks. The minimum value . 
that can be used is 4 (meaning 4 neks;. 0 selects ;r*.e max:m — 
length of 16 ticks. 


| RASJalling 

I 
t 

i 
1 


4 Bit 
rw 


0 


Specifies the numoer of tic« after tr.e star; of ;ne access s:ar; tnai < 

i 

HAS fails. The minimum value that can be used is 4 (meaning - 1 
licks). 0 selects the maximum lengtn ot 1 5 ticks. 


! CAS falling 

1 

1 

i 


4 bit 
rw 


3 


Specifies the number of ticks after ine sian of a reaa cyc:e. *r-e 

i 

cycle or access start thai CAS falls. The minimum value :r.z: zzr. :a '. 
used is 1 (meaning 1 tick). 0 selects tne maximum lengtn of 16 (cks. j 


ORAM.data.wtdth 


2 bit 
rw 


0 


Specifies the number of bits used on tne ORAM interface cata sus | 
ORAM_data(3l:0]. See A.20.4 | 


row_address_bits 

1 


2 bit 
rw 


0 


Specifies the numoer of bits used !or me row acoress :craon 3: :ne 
ORAM interface address bus. See A.20.5 


j 3RAM_enaoie 

l . 

t 
t 

i 

i 
i 


1 bit 
rw 


1 


Writing tne value 0 in to tnis register .'orces r.e ORAM :n:eriace 
a high imoedanee state-. 

0 will be read from this register if either tne ORAM.enabie sigr.a: s 
low or 0 has been written to the register. 



Table A.20.2 ORAM Interface configuration registers (contd) 
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refresh_intervaf 



no. refresh 



CAS_«r«ngtft 



RAS_»trengtn 



addr.strength 



[ PR AM.data.ttrengm 



OEW£_$trengm 



a ait 



rw 



i bit 
rw 



3 bit 
rw 



n*. v«« , nlefva| Ba(ween re(fesn m n . wm o( . 

-« d.cod.r.clock cycle,. values ,n me range ,.. 255 ean 
configure. The value 0 i s automata., .oacea aSer r sse! ane 
force, ORAM mrerfac. «o connnuously e.ecure re/re*, cyce, 
"HM a valW refresn in,,^, „ conng , Jtee - „ , s fecomraercss ._. aj 
r««reeh.,n.. n „ l 6e eonfi9ufed ^ ^ ^ 



W '* n9 ' " ,te W »-v. nls e.^on e, any ,„ | 

cyciea. 



ORAM interface signal. 

™. ai.ow, (ha interface to b- ccnr, gured fC r vanous aw. : cacs. ; 
See A.20.3 



Table A. 20. 2 DRAM Interf.^ - *■ 

Anterrace configuration 

registers (contd) 
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A«20-f- Interface timing (ticks) 

In the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder^ lock) . This clock 
is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticks. 
A. 20, 2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
different types of access. are supported: 
■ Read 
•Write 

• Refresh 

Each read or write access transfers a burst of between 1 
15 and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 2 0. 3 Access structure 

20 Each access is composed of two parts: 

• Access start 

• Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
25 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
access is ready to start when the last access finishes, 
then the new access will start immediately. 
A. 2 0.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions. There are three different access starts: 

* Start of read 

* Start of write 

* Start of refresh 

5 In each case the timing of RAS and the row address is 

controlled by the registers RAS_f ailing and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
10 different in how they drive OE and DRAM_data [ 3 1 : 0 ] when RAS 
falls- See Figure 109. 



Num. 


Characteristic 


Win. 


Max. 


j Unii No:es 


1 -o I 

| ;S , 


RAS precna/ge period set by register RAS Jailing 


< 






39 | 


Access start duration set by register pag«_stanjengtn 


4 




. : 


^ ! 


CAS precna/ge lengtn set by register CASJalllng. 


1 


' 5 


■ 


41 


Fast page read cycte lengtn set by tne register 
read_eycle_l«ngih. 


4 


15 


i 

> 




Fast page wnte cycte lengtn set by tne register 
write .cyclejength. 


4 


15 


■ 
• 


-13 


WE falls one tick after CAS\ 






i 


4-1 


Fterresn cycle lengm set by the register refresh _cyc|*. 


* 


15 





Table A. 2 0. 3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs. 
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A.20,a_2^ Data transfer 

There are three different types of data transfer cycle: 
•Fast page read cycle 
• Fast page late write cycle 
5 ■ Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CAST is driven high and 
10 the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after CAS . The output data is driven one tick after the 
address. 

As a cas before RSS" refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum HKS* low period 
required by the DRAM . 
A. 20. 3. 3 Interface default state 

The interface signals enter a default state at the end 
of an access: 

RAS, Ca"3" ana TTE high 
• data and OE remain in their previous state 
• addr remains stable 
2 5 A. 20. 4 Data bus width 

The two bit register- DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 
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ORAM_data_width 



I 8 bit wide data oua on DRAM_data(3i :2*f. 



16 bit wide data bus on ORAM_daa(31:16J ^l,| . 



2 



32 bit wide data bus on DRAM_data(3i :OJ. 



a 



Table A. 2 0. 4 Configuring DRAM_data_width 

Default after reset. 



b. Unused signals are held high impedance. 
A. 20, 5 Address bits 
5 On-chip, a 24 bit address is generated. How this 

address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
10 therefore, produce "hidden bits) . 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed. 

A. 2 0.5.1 Low order column address bits 

15 The least significant 4 to 6 bits of the column address 

are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A. 2 0.^72- Row address bits 

The nu ber of bits from ^ 

24 bxt xnternal address to provide the row address is 
configured bv the register row address bits 



10 







Wrath o' row atrsress 




1 0 


1 9 bits 






i' 


10 Bits 


h 


11 Ms ; 



Table A . 20. s Configuring row_address_bits 

Df JT W H dth ^ ^ ad<3reSS USed Wil1 de P e " d - the type of 
DRAM used and whether the MSBs of the row address are 

decoded off-chip to access multiple banks of DRAM 

NOTE: The row address is extracted fro, the middle of 

dec addrSSS - " bitS ° f the "~ — «« -e 

decoded to select banks of D ra„, tnen all pQssible va 

of these .. bank select bits- muSt select a bank of DRAM. 
Otherwise, holes will be left in the address space 
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j row address Sta 


bank select 


DP.Af.i deotn ! 




1 0 

L 


j CRAM_addr[S:OJ 






1 255* ; 




J 


OHAM_addr(a:0) 


0?UM_aacr(9J 




256< 

i 






OP.AM_addr{9:0| 


512k | 






O?lAM_addr(9:0| 




1 


102-U J 




2 


OaAM_addrf8:0| j 


OflAW_addr(iO:9J 


1 
1 


2S5X ; 

! 




1 

| 


CRAM.addr(9:0| j 


DRAM_addr[tO| 


I 

t 


512k ! 




i 


CRA\1_acdr[9:CJ j 


CPAM_addrfiOj 




1 C2-U 




i 
i 


OPAM_addr(:o:C| 1 








L 


D^AW_addr( 10:01 I 




1 
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Table »,«.. Selecting . value for rov_address_bits 

A- 20. 6 DRAM interface enable 

There are two ways to make an 
DRAM ,-„«-, u output signals on the 

DRAM interface become high impedance. The DRAM enable 
renter and the DRA«_enable signal. Both the register and 
the sxgnal must be at a logic 1 for the DRAM interface to 
operate. If either is 1o w, then the interface is taken to 
Mgh impedance and data transfers through the interface are 
halted . 

The ability to take the DRAM interface to high impedance 
15 provided in order to allow other devices to test or to 
use the DRAM controlled by the Spatial Decoder (or the 
Temporal Decoder, when the Spatial Decoder (or the Temporal 



ill 
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Decode,, is not in use . It is nofc intended tQ 

devices to share the memory during normal operation. 
A. 20. 7 Refresh 

Unless disabled by writing to the regi ster , no_refresh 
the DRAM interface will automatically refresh the DRAM 
using a cXST before m refresh cycle at an interval 
determined by the register ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. Values in the range 1 to 255 can be configured. 
The value o is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 

configured. It is recommended that ref resh_int e rval should 

be configured oniy once after each reset. 

A. 2 0. 8 Signal strengths 

The drive strength of the outputs of the. DRAM interface 

can be configured by the user using the 3 bit registers, 

CAS_strength, RAS_strength , addr_strength , 

DRAM_data_strength, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
iess significant bits configure the output for different 
load capacitances. 

The default strength after reset is 6, configuring the 
outputs to take approximately 10 ns to drive signal between 
GND and V no if loaded with 12 F 

P 
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| 


strength value 


j Onve characteristics 


0 




| Appro*. 4 n&V into 6 pf load 


1 ' | Appro*, 4 ns/V into 12 pf load 






Approx. 4 ns/V into 24 pf load 


' 3 
1 




| Appro*. 4 ns/V into 46 ol load 


4 




| Aoprox. 2 ns/V into 6 pf load 


i 5 




Approx. 2 ns/V into 12 pi load 



strength value 


Orive char act eristics 




Approx. 2 ns/V into 24 pf load 


7 


Approx. 2 ns/V into 48 o/ load j 



Table A. 2 0.7 Output strength configurations 

a. Default after reset 

When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 20. 11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 20. 9 After reset 

After reset, the DRAM interface configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

The DRAM interface is disabled and allowed to go high 

impedance. 

The refresh interval is configured to the special 
.value 0 which means execute refresh cycle continuously 
after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
configuration . 

Most DRAMs require a "pause" of between 100ms and 500iis 
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after po*er is first applied- followed fay a Qf 
refresh cycles before normal operation is possible 

immediately after reset, the DRAM interface is inactive 
until both the DRAM_enable signal and the DRAM enable 
register are set. when these have been set, the DRAM 
interface win execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM ' s 
"pause" after P ow er _up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required number of refresh cycles have occurred before data 
transfers are attempted. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM . However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay. This may be 
required during debugging. 
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Table A. 2 0. 8 Maximum Ratings' 
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| Symbol 


Parameter 


. Min. 


Max. 


j Uma 


V 00 


Sucoly voltage relative to GND 


4.7S 


I" 5 


1 V 


GND 


Ground 


0 


|o 


1 v 


V 1H 


input logic 'V voltage 


2.0 


V 00 - 0.5 


! * ! 


V,l 


input logic '0' voltage 


GNO - O.S 


0.8 




Ta 


Operating temperature 


0 


70 


I 1 1 

1 * c v 



Table A. 20. 9 DC Operating conditions 

With TBA linear ft/min transverse airflow 



Symbol 



Parameter 



Min. 



^ | Output logic *0" voltage 



Max. 



Units 



'OH 



Outout logic V voltage 



Output current 



| 0.4 



2.9 



_ too 



Output off state leakage current I ; 20 




Table A.20.10 DC Electrical characteristics (contd) 



Table A.20.10 DC Electrical characteristics 

a. AC parameters are specified using v OL _=o . 8V as 
the measurement level. 

b. This is the steady state drive capability of the 
interface. Transient currents may be much 
greater . 




383 



A. 20. ft. 2 AC characteristics 



Num. 



Parameier 



-5 j Cycle time e.g. (PC 



Win. 



Max. | (jmt j 



Note 



-16 
47 



-2 



-2 



Cycle time e.g. iRC 



-2 



High pulse e.g. tRP, [CP, tCPN 



43 



Low putse e.g. iRAS, :CAS. tCAC. rwp, 
tRASP. t.RASC 



49 



-2 



-11 



Cycle ome e.g. lACP/rCPA 



•2 



ns 



-a 



*2 



ns 



Table A.20.11 Differences from nominal values for a strobe 

Table A.2 0.11 Differences from nominal values for a strobe 

a. The driver strength of the signal, must be 
configured appropriately for its load 



Num. 


Parameter Min. \ Max. j Unit j Note * 


50 Strobe to strode delay e.g. tflCO. tCSR -3 .3 j ns | ■ 


51 


Low hold time e.g. tRSH. tCSH, tRWU . 
tCWL. tRAC. tOAC/OE. tCHR 


-13 


•3 j ns 

! 


1 

1 

i 

i 


52 


Strooe to stroDe precnarge e.g. tCRP, 
tRCS. tRCH. tRRH, tRPC 


-9 


▼ 3 j ns 
I 

I 


1 
1 

i 


CAS precnarge pulse between any two 
CAS signals on wide ORAMs e.g. tCP. or 
between HAS rising ana CAS (ailing e.g. 
tRPC 


-5 


-2 


ns 


! 

- 

i 



Table A.20.12 Differences from nominal values between two strobes 



Table A . 2 0 . 12 Differences from nominal 
values between two strobes 
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Num. 




Min. 


Max. 


Unit 


Noie • 


53 


Krecnarge be/ore aisarxe e.g. tRHCP/ 
CPPH 


-12 






i 
I 
i 









Table A. 20. 12 Differences from nominal 
values between two strobes (contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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SECTION B.l Start Code Detector 
B.l.l Overview 

As previously shown in Figure 11, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. its 
primary purpose is to detect MPEG, JPEG and H.261 start 
codes in the input data stream and to replace them with 
relevant Tokens, It also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.2 61, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
45 Microprocessor Interface (upi) or a token/byte port and 
^; shifts it through three shift registers. The first 
;p register is an 8 bit parallel in serial out, the second 
N register is of programmable length (16 or 24 bits) and is 
™ where the start codes are detected, and the third register 
00 is 15 bits wide and is used to reformat the data into 15 
g bit tokens. There are also two "tag" Shift Registers (SR) 
1^ running parallel with the second and third SRs. These 
j= contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
2 5 of a * DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
30 They also bypass the shift registers and are output 
unchanged. 
B.1.2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 
35 B. 1.2.1 input Circuit (acdipc.sch. iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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tfi 



the t V n - Ut 6ither " 3 Stream < but "I" usin, 

via th T W ; re interfaCe >' " * — -tr.... or by the u r 

ou Put th P e 1 ' ^ CaSeS ' inPUt CirCUit -l-y 

output the correct DATA Tokens by generating DATA Token 

Z Wh6re aPPr ° Priat6 - -ansitions to and from u 

-de are synchronized to the system clocks and the upi Zy 
be forced to wait untU a safe point in the data stream 

!heth 9a r n9 aCC6SS - BytS m ° de Pi " -t«-in.. 

10 rurtT " PUt CirCUlt 13 ^ t0ke " « b ' te -od«. 

10 Furthermore, initially informing the system as to which 

standard is being decoded (so a CODING_STANDARD Token can 
be generated, can be done in any of the three modes 
B.i.2.2 Token decoder (scdipnew. SC h, scdipnem.M) 

This block decodes the incoming tokens and issues 
15 commands to the other blocks. 
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Table B.i.i. Recognized input tokens 



Incut Token 



NULL 



DATA 



CODING.STD 



Command 
issued 



Comments 



WAIT 



NORMAL 



FLUSH 



ELSE 

(unrecognised ioken» 



BYPASS 



NULLs are removed 



Load next byte into firs: SR 



riusn snift registers, perform caci.r.g. ; u ; 5ul 
and switcn :o a y pass mode.Lraa 
CCOING,STANOARO register. 



BYPASS 



BYPASS 



Fiusn SRs wtin padding, C u;cu: ma s-+ncr. : 3 
bypass mode. 



Flush SRs wtn padding, outcuf ana swi:cn :o 
bypass mode. 



Note: a change in coding Standard is passed to a 
block, via the two . wir . interface affcer ^ 

flushed. This ensures that the change from one data stream 
to another happens at the correct point throughout the SCO 
This principle is a p pli e d throughout the presentation so 
that a change in the coding standard can flow through the 
whole chip prior to the new stream. 
B.i.2.3 jpeg (scdjpeg.sch scdjpegn.M) 

that'^T (MarkerS) ^ JPEG a " - u » ici -"t ly different 
that JPEG has a state machine all to itself. In tne 

present invention, this block handles all the JPEG marker 
detection, length counting/checking, and removal of data 
Detected JPE G markers are flagged as start codes (with 
v_not_t - see later text) and the command from scdipnew is 
overridden and. forced to bypass Tho 

. «ypass. The operation is best 

described in code. 

5»ilch (state) 



( 



ease (LOOKING): 
if (input = OxfT) 
( 

stale = GETVALL'E; /'Found a marker'/ 
remove; /"Marker gels removed'/ 

) 

else 



suur=:LOOKlNC; 
break; _ ^ 

case(GETVALUE); 
f (input = OxfT) 
( 

-te = GETVALUE;/. 0 ve rIa pp ingmarkersV 
remove; 

} 

else if (input = 0x00) 
( 

stat, = LOOKINC;/-YVasn't a marker-/ 
'* n "rt(Oxll);/-ft,tihe OxfT back V 

} 

eise 
( 

command = BYPASS; /-override command-/ 

imc)/- Does the marker have a length count-/ 
state = GETLCO; 

else 

state = LOOKING; 

break; 

case (GETLCO): 

^dicO;/-Uad the top length count byte-/ 
state = GETLCl; 

remove; 

break; 

(GETLCl) 
ioadJcI; 
remove; 

state = DECLC; 
break; 

^(DECLC): ' ' 

'cnt = lent -2 



- estate = CHECKtC; 
break; 

case(CHECKLC): 
if (lent = 0) 

state = LOOKJNC;/*No more to do-/ " 
else if (lent < 0) 

sum = LOOKING;/-*™,™, Ilfcgal.Ung.h.ErrorV 

else 

Stat* = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
if Oc <= 1) 

state = LOOKING; 
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B.l.2.4 input Shifter (scinshf t. sen, scinshm.M) 

The-Ba% lc operation of this bXock is quite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it out. However, it also 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs): on receiving a BYPASS command, the associated byte 
is not loaded into the shift register. Instead "rubbish" 
(tag - i) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the -token reconstructor. 
B.i.a.5 Start code Detector (scdetect. sch, scdetm.M) 

This block includes two shift registers which are 
programmable to 16 or 2 4 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16. 

In the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs , but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To. accomplish 
this function, the "value" of the detected start code (the 
byte following it, is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
3= without the detection of another start code, it is 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 
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B.l.2.6^ Output Shifter ( scoshif t . sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. other functions are: 
B . l . 2 . 6 « l Data p adri-iwg 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush, 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
extension bit to indicate that it is the end of a data 
token. 

B. 1.2. 6. 2 Gen eration of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6.3 Flag ging valid start codes 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 
start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes.. If the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v__not_t ( ValueNotToken) to indicate 
35 that it is a start code value. If, however, another start 
code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlapping_start_error is 
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9-^,. In this ^ ^ ^ ^ ^ ^ 
the sy Stem then waits for the sec£ , Hd value This ^ 
also be overlapped, thus causing the same procedure to be 

_ repeated until a non-overlapped start code is round 

3 B ' 1 - 2 - 6 -< Tidvinrr „p aftar , ^ art gCTH „ 

Having detected and output a good start code, a new DATA 
header ls g enerated wnen data (nQfc rubfai 
arriving. 

B. 1.2.7 Data stream reconstructor (actokrec. sch, 
10 sctokrem.M) 

The Data Stream reconstructor has two-wire interface 
inputs: one from scinshift for bypassed tokens, and one 
from scoshift for packed data and start codes. Switching 

n 1S ,T een S ° UrCeS " ° nly allOWed when th * =urr.ht 

5 token (from either source, has been competed (low 

~4 extension bit arrived) . 

Q B. 1.2.8 start value to start number conversion 

•=F (scdromhw. sch, scfarom.M) 

The process of converting start values into tokens is 
done ln two stages. This block deals mainly with coding 
standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices 

As mentioned earlier, start values (including JPEG ones) 
are distinguished from all other data by a flag 
(value_not_token) . if v_not_t is high/ this block converts 
the 4 or 8 bit value, depending on the CODING_STANDARD 
into a 4 bit start_number which is independent of the 
standard, and flags any unrecognized start codes. 
The start numbers are as follows: 
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Table B . 1 . 2 


Start Code numbers (indices) 




iEanr Marker Code 


Inaex (s:ar_numoeO 






n oi_a_start_code 


0 


1 • 




sequence_start_code 


1 | SSCUE.MCE START 




group_siari_code 


2 


| Gi=OUP_STA?:.7 




picture_start_code 


3 






siice_start_code 


4 


SLICE STAmT 




user_data_start_code 


5 


(JS r q QATA 




extension_start_code 


S 


EXTENS;C-Nf_0A7A 




sequence_end_code 


7 


j 5EOU£NC£_ENO 




JPEG Manners 








DHT 


8 


OHT 


:R 


DQT 


9 


OCT 




DNL 


10 


ONL 




DRI 


it 


Of=ii 


= ? = 


JPEG markers o-.at can oe maooed onto tokens for MPSG/H.25I 






SOS | 


picture_start_code 


PiC7URE_STA = 7 


n 


SOI 


sequence_start_code 




i y 
==? 


Table B.1.2 Start Code numbers (indices) 


!~J 


Start/Mark er Code 


Index (sUrt_numo«r) 


ResulDng Token 




EOI 


sequence_end_code 


SEQUENCE.END 




SOFO 


group_start_code 


GROUP.STAR7 




JPEG markers tnat generate ertn or user data 




JPG 


extension_start_code 


EXTENSlCN_OATA 




JPGn 


extension_start_cqde 


EXTENSION_OATA 




APPn 


user_data_start_code 


USER.DATA 




COM 


user_data_start_code 


USER.DATA 




NOTE: All unrecognised JPEG markers generate an extn_stan_code index 





sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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Search modes are a mea ns of entering a data stream at a 
random point. The search mQde b& ^ ^ ^ ^ 



values : 



0: Normal Operation - find next start code. 

1/2: System Level searches not implemented on Spatial Decode- 
Search for Sequence or higher 
Search for group or higher 
Search fbr picture or higher 
Search for slice or higher 
Search for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected . 

This block also adds the token extensions to PICTURE 
and SLICE start tokens: 

• PICTURE_START is extended with PICTURE_NUMBER, a four 
bit count of pictures. 

• SLICE_START is extended with svp (slice vertical 
position) . This is the "value" of the start code 
minus one (MPEG, H.261), and minus 0XDO (JPEG) 
B. 1.2. io Data stream Formatting (scinsert. sch, scinserx.M) 
In the present invention, Data Stream Formatting relates 
to conditional insertion of PICTURE_END, FLUSH 
CODING_STANDARD, SEQUENCE_START tokens, and generation of 
the STOP_AFTER_PICTURE event. Its function is best 
simplified and described in software: 



switch (inpurdata) 
(FLUSH) 
I. if On_picture) 

output =PiCTUR£ -E ND 
2. output = FLUSH 

3- if (injjicture & stop.after.picture) 
"P.error = HIGH 
in_picture = FALSE; 
4. in_picture = FALSE; 
break 

a** (SEQUENCE.START) 
1- if (injjicture) 

output = PICTUR£_END 
2. if (in_piaure & 5top_after_picture) 
2a. output = FLUSH 
2b.sap_error = HIGH 
in.picture = FALSE 

3. output = CODING.STANDARD 

4. output = standard 

5. output = SEQUENCE.START 
6*. in_picture = FALSE; 

break 

c*« CSEQUENCE.END) ca* (GROUP.START): 

1. if (in_picturc) 

output = PICTUR£_EN D 

2. if (in picture & stop.after_picture) . 
2a. output = FLUSH 

2b. sap_€rror = HIGH 
in_picture = FALSE 

3. output = SEQUENCE.END or GROUP.START 
4 - '"-Picture = FALSE; 
break 

(PICTUR£_END) 



1. output^ P1CTUR£, E(ND 

^ ° u£ P"t = FLUSH 

sap.error = HIGH 
3. in_picture = FALSE 
break 

case(PICTUR£.START) 
** if (in_picture) 

output = PlCTUR£_E lVD 

2 ' lf Ctn ^^ & stop.a/ter.picture) 
2a. output « FLUSH 
2b. sap_error = HIGH 
3- * (insert_scquen«_start) 

3a. output = CODING_STANDARD 
3b. output = standard 
3c output = SEQUENCE.START 
insert_s«qu e n«_surt = FALSE 
4 ' out P u£ = WCTURE_START 
in_picture = TRUE 
break 

defaujt: ^P*« it through 



SECTION B.2 Huffman Decoder and Parser 

B.2.1 Introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 
5 Figure 118 shows a high level -block diagram of the 

Huffman Decoder and Parser. Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) . 

10 In essence, the Huffman Decoder and Parser of the present 

invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 

15 "Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 

20 be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 

2 5 the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit). This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 

30 encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 

35 N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 



processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
5 decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit* 

10 The ALU is the next block and is provided to implement 

other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 

□ The ALU includes a register file which it can manipulate to 
^ 15 implement various parts of the decoding algorithms. In 
-J particular, the registers which hold vector predictions and 
^ DC predictions are included in this block. The ALU - is 
Sj based around a simple adder with operand selection logic. 
^ It also includes dedicated circuitry for sign-extension 
13 20 type operations. It is likely that a shift operation will 
ly be implemented, but this will be performed in a serial 
2 manner; there will be no barrel shifter. 

□ The Token Formatter, in accordance with the present 
i~~ invention, is the last block in the Video Parser and has 

2 5 the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 

30 been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 

35 word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

in the" present invention, there is a two-wire interface 
between each of the blocks in - the Video Parser. 
Furthermore, the Huffman Decoder works with both serial 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. If a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
15 a time. If it is not a DATA Token, then the entire token, 
header. and all, is presented to the Huffman Decoder all at 



once . 



In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 
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u iS PaSSed -i«ctly to the Huffman Decoder which 

r: h dat : bits ° ne - by -° ne biock 

incut COd6d 3 C ° mPlete Symb01 - Contr ^ Tolcn. are 

in Parana. 0nce this . ^ index 

1U " P3SSed alon ^ » ith the original microcode word to 
the index to Data Unit. Note that the Huffman Decoder wiix 
require several cycles to perform this operation and, 
indeed, the number of cycles is actually determined by the 
data which is decoded. The Index to Data Unit win then 
10 map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU, along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 
1. dependant, it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in which the Token word is formed. 

The ALU has a number of status wires or "condition codes" 
which are passed back to the Parser State Machine. This 
20 allows the state Machine to execute conditional jump 
instructions. m fact, all instructions are conditional 
jump instructions; one of the conditions that may be 
selected is hard-wired to the value "False". By selecting 
this condition, a "no jump" instruction may be constructed 
2= in accordance with the present invention, the Token 

Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine. m ' 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
0 fill in with the remaining bits from the other for a total 
of .8 bits. For example, -HORIZONTAL_SIZE has an 8 bit field 
that is an invariant address identifying it as a 
HORIZONTAL_SIZE Token. In this case, the 8 bits come from 
the constant field and no data comes from the ALU. If, 
= however, it is a DATA Token, then you would likely have 6 
bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token . 
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Formatter takes this information and puts it into a token 
for use bVthe rest of he system. Note that the number of 
bits from each source in the above examples are merely for 
illustration purposes and one of ordinary skill in the art 
will appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used t 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer" as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
jumps based on "start of picture", "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document. 
Input Shifter 

In the present invention, the Input Shifter is a very 
simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells (»hf i") . 

In the first pipeline stage. Token decoding takes place. 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 

2 5 the Huffman Decoder. The second pipeline stage is the 

shift register. In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 

3 0 last data word. 
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Table B . 2 .x PoS9ibl<s Patterns . n the iaat oata Rerd 

As the d ta bits are sh . fted ieft< ^ ^ 
hxft regxster, the bit pattern "0 followed by all ones" is 

cuts in the shift register ar P r^*- , ^ 
« . y SLer are not valid and thev are 

:™- / ot= tB " tBis '» 

last word of a DATA Token. 

t he AS H d T ribed PrSViOUSl ^ 311 oth.r Tokens are passed to 

nto tne man T' **** — 

e r C °" d PlPelinS ^ no shifting taKes 

place. Note that the DATA header is di SC3 r-H^ ^ • 
naee^H *. discarded and is not 

and HUffman " TW ° ,,Valid " «*«« (-t valid 

.. na «».l_v.Xi-, are provided. Only one is assertea " at a 

gxven t ime and xt indicates what type of data is being 
presented at that moment. 9 
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B.2.2 Huffman Decoder 

xJ^:r v Lr°rr t h h as t anumber oe moaes ° f ° pe —- 

turnino * " deCOde Huffman Codes 

5 can d , lnt ° 3 HUffman IndeX NUmber - In —ition ^ 

-> can decode f i v^^t i ^ 1 1 ' 

fixed length codes of a lenath ri„ k _ > 
determined by the . ■ length ( ln bits) 

can al so a instruction word. The Huffman Decoder 

can also accept Tokens from the Inshift block 

Thiris^T DeC ° de inClUdSS 3 ^ Sma11 State —nine. 
Thx. is used .hen decoding block-level information. This 

o ma r s d xt takes to ° iong for the pa — s — 

to make decisions (since it must wait for data to flow 
though the Index to Data Unit and the ALU before it can 
make a decision about that data ,„,. ■ 

When ,-hi= 1SSUe a new =onunand). 

When this State Machine is used, the Huffman Decoder itself 
-sues commands to the Index to Data Unit and ALU. The 
Huffman^ Decoder State Machine cannot control all of the 

6 "" t ™* i " n -erefore, it cannot issue 

the full range of commands to the other blocks 
B.2.2. 1 Theory of Operation 

When decoding Huffman codes, the Huffman Decoder of the 
present invention uses an ar^h™ <- • 

,. h arithmetic procedure to decode 

the incoming code into a Hi.ff=™»„ t ^ Me 
lies befu „ Huffman Index Number. This number 

lies between 0 and N-i ff n , , 

entries) Bit. table that has N 

"tries). Bits are accepted one by one from the input 

in order to control the operation of the machine a 
number of tables are required T h e « ■« 

"hese specify for each 
possible number of bits i n , ,, 

code. , h dS U to 16 bits > how ^ny 

codes there are of that- i«« 

• . that le "9th. as expected, this 

30 information is tvoicallv . 

typically not sufficient to specify 
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25 shifter. 
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general Huffman code. -However, in „ PEG , H . 261 and 
the Huffman codes are chosen such that this information 
alone can specify the Huffman Code table. There is 
unfortunately just one exception to this; the Coefficient 
table from H.261 which is also used in „ PEG . Tnis requires 
an additional table that is described elsewhere (the 
exception was de-liberately introduced in H .26l to avoid 
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start code emulation) . 

H U fL"n imPOrCanC C ° realiZS th3t the tables ^ this 

in ; PEG eCO T ! er a " PreCiSely » the. transit d 

•■hi. k all ° WS th6Se tableS C ° bS <«ir.ctly 

; h h e lle ° Cher dSSignS ° C Huffman decoders would nave retired 
.he ene ^ ^ ^ 

ones. This would have required extra storage and extra 

processing, to do the conversion. since tha JLi 

and h «, , axon. iince the tables in MPEG 

-d H 2 61 (w.th the exception noted above, can be described 

pL^,^ 6 WaX ' 3 —er becomes 

process; 011 "" 9 fragBent ° f " C " L "»'*»*" «e decoding 

int total = 0; 

int. s * 0; 

int bit = 0; 

-.".signed long cede = Q ; 

in- index - 0 ; 

while ( i.ndex>=total) 



if .■ 



bit >=max_bi ts } 
fa.i("huff_decode: ran Qff ^ Qf tableXn , ); 

= ode = ( code« 1 > Inext_bit0 ; 

:ndex=code-s*total ; 
-otaI*=code 3 _per_bit(bit ] ; 

s» ( s -codes_per_bit ( bit J j « i ; 

bit*- - ; 

The process generally, i s directly capped into the 
U ; CO " "Pi— nt-tion- although advantage is taken of the 
fact hat certain intermediate values can be calculated in 
clock phases before they are required. 
From the code fragment we see that; 
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"HQ I. totals, = total, + C pb, 

EQ 3. code, „ , = 2code, + bit 

EQ 4. index, . , = 2 code, + bit, + total, - ' S , 
Unfcnuna.e.y in *. , proved ^ , o ^ a ^ ^ ^ ^ 



a variabte 'shifted" is used in p la « of .he vanabte V. ,n this case; 



In the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted- is 
used i„ place of the variable "s". m this case; 

EQ 5. shifted, . , = 2shifted, + cpb 

It turns out that: 

E Q<S..-, = 2shifted 



5 and so substituting this back into Equati 



ion 4 we see that: 



EQ 7. index, + , = 2 (code, - shifted,) + total + bit 



In addition to calculating successive values of "index- 
it is necessary to know when the calculation is completed' 
From the "C" code fragment we see that we are done when: 



EQ 8. index, ^ , < total 



10 



30 



# 




405 



Substituting from Equation 7 and Equation 1 we see that 

we are done when: 



EQ9. 2 (code fl - shifted ) + bit -cpb <0 

n f\ n 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (code. - 
Shifted.) is calculated one phase before the remainder of 
these equations are evaluated to give the final result and 
the information that the calculation is "done". 

One word of warning. m various pieces of »c» code 
notably the behavioral compiled code Huffman Decoder and 
the sm4code projects, the «c» fragment is used almost 
directly, but the variable ».» is actually called 
"shifted". Thus, there are two different variables called 
"shifted". one in the »C» code and the other in the 
hardware implementation. These two variables differ by a 
15 factor of two. 

B. 2. 2. l.i Inverti ng the Data B-ii-^ 

There is one other piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. It turns out that H.261 and JPEG use 
20 opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the' 
marker bytes in JPEG are one bits. 

in order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
2= Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions, in those aspects 
inherited from H.261, the H.261 convention is used. In 
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those inherited f rom JPEG (tne decoding of Qc 
co-ffxciAt., the JPEG convention . is used _ 9 
B^2.i. 2 Transform c oef fi^ , nt3 Tab1ft 

MP E c hen th U eV n9 ^ tranSf ° rm COSfficientS ^ H. 261 and 

MPk'i a a " nUmb6r ° f an ° malieS - First ' the table in 
Zl. ! SUper " Set ° f th. table in H.261. m the hardware 
implementation of the present invention, there is no 
distinction. drawn between the two standards and this means 
that an H.261 stream that contains codes from the- extended 
part of the table (i.e., MPEG codes) will be decoded in the 
correct" manner. of course, other aspects of the 
compression standard may well be broken. Por example, 
these extended codes will cause start code emulation in 

second, the transform coefficient table has an anomaly 

with h ^ 13 deSCrlbable in <*. nor».l manner 

-uth the codes_per_bit tables. This anomaiv occurs w 

the codes of length six bits. These code words are 
systematically substituted by alternate code words. m an 
encoder, the correct result is Gained by f irst encoding 

ts T manner ' Th6n ' 311 C ° des that •« six 

bits or longer, the first six bits are substituted by 
another six bits by a simple table look-up operation. m 
. decoder, in accordance with the present invention, the 
decoding process is interrupted just before the sixth bit 
s decoded, the code words are substituted using a table 
look-up, and the decoding continues. 

in this case, there are only ten possible six-bit codes 
so the necessary look-up tabie is very small , The 
operation is further helped by the fact that the upper two 
bits of the code are unaltered by the operation. As a 
result xt is not necessary to use a true look-up table, 
instead a small collection of gates are hard-wired to give 
the appropriate transformation. The module that does this 
« called "hftcfrng". This type of code substitution is 
efined herein as a "ring" since each code from the set of 
possible codes is replaced by another code from that set. 
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(no new codes are introduced or old codes omitted, 

Furthermore a uni q ue implementation is used for the very 
first co.frxcx.nt in a block. m this case . fc [ V 
xmpossxble for an end-of-block code to occur and 
3 —ore, the table is raodified so that ^ m J t 7 omm ^; 

n C t CUrrln ! 7 mb01 «" - ^e code that would otherwise De 
interpreted as end-of -bloc* . This .ay save one bit. it 
turns out that with the architecture for decoding, in 
accordance with the present invention, tnis is ^ 
10 accomodated. m short , for ^ firsfc ^ ^ J 

coeffxcxent the decoding is deemed ..done" if .-index" has 
the value zero. Furthermore, after decoding only a single 
bit there are only two possible values for "index", J ro 
and one, lt is only necessary to test one bit. 
B ' 2 - 2 - 1 - 3 Register »nd Add.r 

with he Hu H ff fman DeCOdSr ° f inVe " — 1 

*ith Huffman codes that may be as long as 1S bits 

However, the decoding machine is on i y eight bits wide.' 

Th s xs possxble because we know that the largest possible 

value of the decoded Huffman Zndex number is 255. in fact 

this could only happen in extended J PEC and,. in the cur^ 

128, so 7 bits will not suffice). 
■ "turns out that for all legal Huffman code 
the fxnal value of "index", but all intermediate values lie 
in the range 0 to 255. However, for an illegal code, i.e 
an attempt to decode a code that is not in the current code 
table (probably due to a data error) the index value may 
exceed 255. since we are using an eight bit machine, it is 
possxble that at the end of decoding, the final value of 
index- does not exceed 255 because the more significant 
bits that tell us an error has occurred have been 
discarded. For this reason, if at any time during decoding 
the xndex value exceeds 255 (i.e.. carry out of the adder 
that forms index, an error occurs and decoding is 
abandoned. 



10 



15 



20 



25 



30 



is not 



3 5 



408 

Twelve^ bits of " Code ,. are preserved . This _ _ 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed lengtn codes where up fco tweive ^ 
be read . ' 

B.2.2.i.< Operation for riv.^ t ength Coda „ 

For fixed length codes, the "codes per bit- value is 
forced to zero. This means that "total" and "shifted" 



remain at 2er o throughout the operation and "index" 



is. 



therefore, the same as code. m fact, the adders and the 
like only allow an eight bit value to be produced for 
"index". Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fixed length codes. When decoding Huffman codes 
these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
input is calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter. 
B.2.2.2 Decoding Coefficient Data 

The Parser State Machine, in accordance with the present 
invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-exght block of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 
the Huffman Decoder of the form "decode a block" The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this - 
.node of operation. For instance, in J PEG decoding where 
the .LCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
°f the index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read. In 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B. 2. 2. 2.1 MPEG and H.261 AC Coefficient Data 

Figure 12 7 shows the way in which AC Coefficients are 
decoded in MPEG and H.2 61. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 



# % 

410 

explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
5 into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 

10 control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 

15 previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 

20 other instructions for the decoding are supplied by the 
Huffman State Machine. 
B.2.2.2.2 MPEG DC Coefficient Data 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 

25 responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 

3 0 B.2.2.2.3 JPEG Coefficient Data 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 

3 5 process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 



field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) . The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
th. decode index is neither of these two values the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually 
in the case of EOB, no further processing is performed by 
th. Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine 

in the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 

same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This ^ 
(unlike H.2.1 and MPEG) the Huffman tables are 
Lnloadable. For each of the two .PEC AC 
registers are provided (one for ZRL and one for EOB). 
Th Ise are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol^ 
The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
; associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC 
appropriate sign-magnitude value. This can be done by 
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first sign- ex tending the value with the wrong sign. If the 
sign bit-is now set, then the remaining bits are inverted 
(ones complement) . 

In the case of DC Coefficients, the decision making in 
= the Huffman Decoding Stage is somewhat easier because there 
is no equivalent of the ZRL field.' The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
10 each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction). Four 
predictors are required, one for each of the four active 
color components. When the DC difference has been decoded, 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 
conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of 2 ero. m 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine. 
They are simply executed by the Parser State Machine. 

In a similar manner to the AC Coefficients, the ALU must 
first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 
result , is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
effectively four sources of error that are detected: 
Ran off the end of a table. 
' Serial when token expected. 
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Token when serial expected. 
■Too^many coefficients in a block 
The f irst - of these Qccurs ln ^ 8l 

counter reaches sixteen (leoal vaiues being Q tQ ^ 
an error has occurred because the l ong est legal Huffman 
code is sixteen bits. If any intermediate value-of - lnda " 
exceeds 255 then an error has occurred as described I 
section B. 2. 2. 1.3. 

The second occurs when serial data is encountered when a 
Token was expected. The third when the opp 0site condition 

arises. 

The last type of error occurs if there are too many 
co.ffxci.nt- in a block. This is actually detected in thl 

Index to Data Unit. 

in M t r«T, ° f th6Se C ° nditionS ' the error is noted 

h ! fman err ° r " gister ^e Parser state machine 

Stat'e rr ed ' " ^ ^ of the Parser 

State Machine to deal with the error and to issue the 
commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 

St P a e t r e at „ 10n h . Whe " ^ HU " man ° eCOder -terrupts the Parser 
State Machine, it is possible that a new command is waiting 

The Huffman Decoder will not accept this command for two 
whole cycles after it has interrupted the Parser State 

Machine. This allows the Parser « u- 

^ arser State Machine to remove 
the command that was thpro , r w • ^ 

was there (which should not now be 

executed) and replace it with an appropriate one. After 
these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valld command ig 
If not, tnen it will do noth . ng ^ pars ^ s ^ te 

Machine presents a valid command. 

When any of these errors occur the "Hnff,, =• 

. ^"j. , cne Huffman Error" event 

and t! ^ " S6t ' thB bl ~* «i" ^op 

and the controlling microprocessor will be interrupted in 

the normal manner. 
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Onej=om Pl ication occurs because in certain situations 
what looks like an error, is not actually an error. Tne 
most important place where this occurs is when reading the 
macroblock address. it is legal in the syntaxes of MPEG 
5 H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 
10 recognize this "no error" situation and respond 
accordingly. m this case, the "Huffman Error" event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. In this 
case, a "Token when serial expected error" would occur, 
instead, a "no error" error occurs in the way just 
described. 

Second, the Token is preceded by a few serial bits. in 
this case, a decision is made. If all of the bits 
preceding the Token had the value one (remember that in 
H.261 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs. if 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 
when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case, 
the same decision is made. if all sixteen bits are one] 
then they are treated as padding bits and a "no error" 
error occurs. if any of them had been zero, then "Ran off 
30 Huffman Table" error occurs. 

. Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
are. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. if, however, a new marker segment starts, then a 
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token will be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and, therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman Commands 

Here are the bits used by the Parser state Machine to 
control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included in this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
operate as one coherent logical block. 



3it 


Name 


Function 


tl 


| Ignore Errors 


. Used to disable errors in certain circ-j.-nsiances. ! 


10 


Oowntoad 


Either nominate a :aoie for download - r download caia ; 
into mat taofe. 


9 


Alutab 


Use information (rom me ALU reg:st-rs :o soeofy me j 

i 

table number (or numeer of oils of FLC) | 


8 


8ypa« 


Bypass the Index :o Oata Unit 1 


7 


Token 


Decode a Token rather :nan FLC or vlC i 


6 


First Coeff 


Seteca first coefficient tncx for TcdeK :acie anc ctrer j 
soecial modes. ! 


t 

1 

f 
1 


Soecial 


if set tne Huffman Slate macr.me srcvd :axe ever i 
control. 


4 | 


VLC (not FLC) | 


Soecfy vlC or FLC 


' 1 




Specify the table to use for VLC 



Table B.2.2 Huffman Decoder Commands 



# 
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TaoieflJ 



or ine number at Dits :o read for a PLC 



Tao)e(0J 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode, Ignore Errors, Download, Alutab, Token 
First coefff , Special and V LC are all zero. Bypass will be 
5 set so that no index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read. 

The numbers 0 to 12 are lega i. The value zero dQes 
indeed read zero bits (as would be expected) and this 
10 instruction i S/ therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
1 5 B.2.2. 4.2 Reading vt.c 

In this mode. Ignore Errors, Download, Alutab, Token 
First Coefficient and Special are zero and VLC is one' 
• Bypass will usually be zero so that Index to Data 
translation occurs. 

In this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table[3:0} indicates which table to 

use as shown: 



1 Tab(e(3:0] 


VLC Table to use 


0000 


TCoerficient (MPEG and H.26 1 ) 


0001 


CSP (Coded Block Partem) 


0010 


M8A (Macrobfock Address) 


{ 0011 


MVO (Morion Vector Oata) j 


! 0100 


Intra Mtype j 


| 0101 


Predicted Mtype j 


| 0110 


Interpolated Mrype j 


0111 


H.261 Mrype j 


10x0 


JPEG (MPEG) DC Table 0 


10x1 


JPEG (MPEG) OC Table 1 


11x0 


JPEG AC Table 0 


11x1 


JPEG AC Table 1 j 



Table B.2.3 Huffman Tables 

U r tW1Ce - " 3 ^'^^ decoder i 

!' t h "" the " WiU be four DC ta »l- and four AC t.bl. 
and T.bl.fij will then be required. 

If Table [3) is zero, then the input data is inverted a 
" xs used in order that the tables are read correctly a 
H26! style tables. In the case of Table(3:OJ=0 th, 
appropriate Ring modification is also applied 
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B.2.2.^4.3 WOP Instn,^^. 

As previously described, the action of reading a FLC of 
zero bits is used as a No Operation instruction. No data 

5 tL r H a ,V r ° m inPUt P ° rtS (Sither T ° ken ° r Serial > «d 

= the Huffman Decoder outputs a data, value of zero along with 

the instruction word. 

The H.2 61 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 
10 the block. I" order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 
of the First coefficient bit is to enable this code to be 
13 decoded. 

Note that in normal operation, it is unusual to issue a 
"simple" command to read a TCoefficient . VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 

B.2.2.4.5 Reading Token Uor^. 

in order to read Token words, the Token bit should be set 
| to one. The Special and First. Coefficient bits should be 

!; zero. The VLC bit should also be set if the TablefO] bit 

W! is to work correctly. 

in this mode, the bits Tablefi] and Table C 0] are used to 
2d modify the behavior of the Token reading as follows: 



:*t is 
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Bit 


Meaning 


Taoie{0) 


Discard caeeing sits of serial data 


Ta6le(l| 


Oiscard ail serial cata. 
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If both Tablefoj and Tabled] are zero, then the presence 
of serial data before the token is considered to be an 
error and will be signalled as such. 

If Table ci] is set, then all serial data is discarded 
until a Token Word is encountered. No error will be caused 
by the presence of this serial data. 

If TablefO] is set, then padding bits will be discarded 
It is, of course, necessary to know the polarity of the 
padding bits. This is determined by Table[3] in exactly 
the same way as for reading VLC data. If Table [3] is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table (3] is set to one, the input data 
is NOT inverted and "one" bits are discarded. since the 
action of inverting the data depending upon the Table[3] 
bit is conditional on the VLC bit, this bit must be set to 
one. if any bits that are not padding bits are encountered 
(i.e., »i" bits in H.261 and MPEG) an error is reported. 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
is the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 

B . 2 . 2 . 4 ■ 6 Am Reg isters specify T»hi«. 

If the "Alutab" bit is set, registers in the ALU's 
register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


| tabtep:0] 




ALU table 1 


0 


jeOjoe 




0 


xlo 


t>w<J_r_size 


1 


xGxx 


<3c_ftufltcompidJ 


t 


zinc 


ac jurfT(compid) 



In the case of fixed length codes, the correct number of 
bits are "read for decoding the vectors. if r _size is zero 
a NOP instruction results. 

In the case of Huffman codes, the generated table number 
has tabl.f 3] set to one so that the resulting number refers 
to one of the JPEG tables. 

B.2 .2 . 4. 7 Special Instruction* 

All of the instructions (or modes of operation) described 
thus far are considered as "Simple" instructions. For each 
command that is received, the appropriate amount of input 
data (of either serial of token data) is read and the 
resulting data is output. If no error is detected, exactly 
one output will be generated per command. 

In the present invention, special instructions have the 
characteristic that more than one output word may be 
generated for a single command. In order to accomplish 
this function, the Huffman Decoder's internal State Machine 
takes control and will issue itself instructions as 
required until it decides that the instruction which the 
Parser requested has been complete. 

In all Special instructions, the first real instruction 
of the sequence that is to be executed is issued with the 
Special bit set to one. This means that all sequences must 
have a unique first instruction. The advantage of this 
scheme is that the first real instruction of the sequence 
is available without a look-up operation being required 
based upon the command received from the Parser. 
There are four recognized special instructions: 
• TCoef f icient 
• JPEG DC 
. • JPEG AC 
Token 

The first of these reads H.261 and MPEG Transform 
coefficients, and the like, until the end-of-block symbol 
is read. if the block is a non-intra block, this command 
will read the entire block. In this case, the "First 
Coefficient- bit should be set so that the first 
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coefficient trie, is applied . ff the block an 
block, the DC tern, should already have been read and the 
First Coefficient" bit should be zero, 
in the case of an intra block in H.261, the DC tern, is 
read using a "simple" instruction . to read the 8 bits FLC 
value ln MPEG> tne HJpEG DC „ spec . ai inst 

described below is used. 

The "JPEG DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) 
It is also used in MPEG. The First Coefficient bit must be 
set in order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset 

The "JPEG AC" command is used to read the remainder of a 
_ block, after the DC term until either an EOB is encountered 
io or the 64 1 * coefficient is read. 

The "Token" command is used to read an entire Token 
Token words are read until the extension bit is clear It 
is a convenient method of dealing with unrecognized tokens. 
B.2.2.4.A Downl oading Tables . 

In the present invention, the Huffman Decoder tables can 
be downloaded by using the. "Download" bit. The first step 
is to nominate which table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First Coeff bits set. This is treated as an NOP so no bits 
are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 
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As the above table shows, either the AC or DC tables can 
be loaded and tablepj determines whether it is the codes- 
per-bit table (in the Huffman decoder itself) or the Index 
to Data table that is loaded. 

Once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of FLC 
(always 8 bits, with the Download bits set (and the First 
Coeff bit zero). This causes the decoded data t<j fae 
written into the nominated table. An address counter is 
maintained, the data is written at the current address and 
then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated. 
When downloading the index to Data tables, the data and 
15 addresses are monitored. Note that the address is the 
Huffman Index number while the data loaded into that 
address is the final decoded symbol. This information is 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly 
20 in a jpeg AC table; when the data has the value 
corresponding to ZRL is recognized, the current address is 
written into the register CED_H_KEY_ZRL_INDEXO or 
CED_H_KEY_ 2RL _I N DEX1 as indicated by the table number. 

Since decoded data is written into the codes-per-bit 
table one phase after it has been decoded, it is not 
possible to read data from the table during this phase. 



25 



L 20 



423 

Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG) . . It is, 
5 however, possible to build simulation tests that do this.' 
B.2.2.5 Huffman State Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state, 
machine may also be provided to the Huffman Decoder by the 
Demux. 

The basic structure of the State Machine is as follows. 
When a command is issued to the Huffman Decoder, it is 
15 stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. If the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set, 
then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

DThe Parser State Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

3 0 command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the index to Data Unit, this 
would then replace the field in the Huffman State Machine 
ROM. 

In case (l), in certain instances, table numbers are 
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provided b y lues obtained ^ ^ ^^^^ 

•9-- in the case of AC and DC table numbers and F- 

• so Th :r; al h ues are stored in the ~ 

tabl ! " C ° mmand is later —ed the 

table number is tnat wnicn nag faeen ^he 

recovered again from tne ALU since. in general the 
counters will Have advanced in order to refer' to the next 

Since the choice of the next instruction that will be 
used depends upon the data that is being decoded, it is 
necessary f or the decision to be made very late in a cycle 
Accordingly, the general structure is one in which all of 
the possible instructions are prepared in parallel and 
multiplexing late in the cycle determines the- actual 
15 instruction. 

Note that in each case, in addition to determining the 
instruction that will be used by the Huffman Decoder in the 
next cycle, the state machine ROM also determines the 
instruction that will be attached to the current data as it 
passes to the i nd ex to Data Unit and then onto the ALU. m 
exactly the same way, all three of these instructions are 
prepared in parallel and then a choice is made late in the 
cycle. 

Again, there are three choices for this part of the 
instruction that correspond to the three choices for the 
next Huffman Decoder instruction above. 

DA constant instruction suitable for End of 
Block. 

2) The Huffman State Machine. The Huffman State 

Machine may provide «n avw.; 

y F^viae an arbitrary instruction for 

the Index to Data Unit. 

3, The original instruction that was issued by the 
Parser to start the instruction. 
B.2.2.S.1 EOB Comparator 

The EOB comparator's output esspn^aii,, * 

H u essentially forces selection 

or the constant instruction to be nr-o<=«~<- ^ ^ 

uxon to oe presented to the Index to 

Data Unit and will also cause the next mi^»« t +. 

next Huffman Instruction 
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to be -^the next instruction from the Parser. The exact 
function "of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the HOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of-Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, l, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B. 2*2. 5. 2 ZRL Comparator 

In the present invention, this is the more general 
purpose comparator. It causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is' used in the case of an FLC. The 
25 constant 12 is used whenever the table number is less than 
8 (and VLC) . one of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

.If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token . 

? ' 2 - 2 - 5 -^ Huffman State Machine ROM 

The instruction fields in the Huffman State Machine are 
as follows: - • 
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he next cycle. This address may 



nxtstate [4:0] 
The address to use in t 
be modified . 
statectl 

Allows modification of the next.state address. if 2er o 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced- by the value of either of the 
two comparators as follows: 



nxtstatefO] 




0 


Replace Lsb by EOS match 


1 


Replace Lsb by ZRL match 



Note: in any case, if the next Huffman Instruction is 
10 selected as "Re-run original command- the state machine 
will jump to location 0, l, 2 or 3 as appropriate for the 
command . 

eobct( 1:0] 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 

follows: 



15 



eobctl(H0] 




00 


No effect - see zrtc:i(l:0] 


01 


Take new (Parser) command it EOB 


*P 


Take ~ew (Parser) command rf eartn iow 


1 1 


Unconeiltonal Oemux Instruction 



zrlctf 1:0] 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. If the 
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condition is met, then it takes the state machine 
instructs, otherwise if re-runs the original instruction, 
in either case, if an . obctl . + condition takes a demux 
instruction then this (eobctW) takes priority as follows- 



zrlcU{t:01 




00 


Never ;ake SM (always re-run) 


01 


Always take SM command 


10 


SM if ZRL matc.-.es 


n 


SM if ZRL does noi maich 



10 
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smtabf 3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then , the zrltab[3:0] field is 
used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and zrltab{3:0J will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. m the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0J and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab(3 : 0 J 

This is the table number that will be used by the Huffman 
decoder if the selected instruction is the state machine 




428 



10 



15 



20 



25 



instruction. However, if tne ZRL comparator matches then 
the zrltab[3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and zrltab[3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. In the case of MPEG, there is no obvious 
requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes ''unknown- despite the fact that both 
smtab[3:0] and 2 rltab(3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab( 3:0] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction. 
aluzrl( 1:0] 

This field controls the selection of the instruction that 
is passed to the ALU. it will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 
machine: 



aluzrl[1:0] 




00 


Always .ake tne saved Parser Stale Machine Command 


Of 


A.ways take tne Huffman State Machine Command 


10 


Take me Huffman SM command H not EOB 


It 


Take tne Huffman SM command if not ZRL 



alueob 
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* 0 T *tKS" COntr ° 1S »«*i"="ion of the instruction passed 
to the. ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinput". This is an 
arbitrary choice; any output mode apart from -none" will 
suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueob 



Oo not modify ALU outsrc Held 



Force "zinour inio outsre if EOB match 
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The remainder of the. fields are the ALU instruction 
fields. These are properly documented in the ALU 

description. 

B ' 2 - 2 - 5 - 4 Huffman State M» e hi ne Modifir.n.. 

in one embodiment of the state machine, the index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the index to Data Unit. 
While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. m this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with the RUN field. of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the- aforedescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd". Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation). Accordingly, "hd" includes the following 



major blocks; 



Table B.2.6 Huffman Modules 



Module Name 


Oesc.-tpttcn i 

i 


hddp 


Huffman Decoder (Antnmetic) dataoatn j 


fidstdo 


Hu^.-nan State Macnme Cataoatn i 


hfitod 


incex to Oata Unit j 



The following description of the Huffman modules is 
accomplished by a global explanation of the various 
subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

B.2.2.6. l Description of "hd" 

The logic for the two-wire interface control usually 
includes three ports controlled by the two-wire interface; 
data input, data output and the command. In addition, 
there are two "valid" wires from the input shifter]- 
token_ valid indicating that a Token is being presented on 
in_data(7:0] and serial_valid indicating, that data is being 
presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority , of phO 
latches are not enabled whilst two enables are provided for 
those that are; eo associated with serial data and eOt 
associated with Token data. 

In" the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
when a primitive Huffman command is completed. in the case 
-hen a Huffman State Machine command is executed, "done- 
will be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 
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The signal notnew prevents the acceptance of a new comm. „ 
from the'Pflrcnr . . . command 

State MaChinS Until the e ^ ire Huffma 

State Machine command is completed. 

5 to Drtru"! C ° ntr01 ° f inf ° rmation «c.iv«, from the Index 

o in' C ° ntr01 109iC f ° r the " Si2e " £ ^ ^ £ 
back to the Huffman decoder during JPEG coefficient 
^ecod.no. This can actually happen ^ ^ i«-nt 

" SXaCtly °" e ' ^ i- bacK on the dedicated 

-xgn.l notfboneO. Otherwise, the size is fed back from the 
output of the xndex to data unit (out datafa.-O, and a 

fbvaiidi indicates that this ^'-i^. t„ 

" ;: SUe 15 Pr ° dUCed t0 C ° ntr01 -Itiplexihg of 

the fed-back data into the command register (sheet 10 ) 
In addition, there is feedback that ' 

not d le ; tS de60de - SinCS in ™™ the EOB i 

not coded in this situation, the signal forceeob is 
proved. Sy analogy. wlth the signals ^ 

: d there are in fact two ways in 

-Men this is done. Either jpegeob is used (a phl ^ " 
or .pegeobo. No te that in the case when a normal feedb 

d"t. Ts fedTT' ^ l3tCh A - 971 iS * as the 

data is fed back and not cleared until a new Parser State 
Machine command is accented T h. , state 

accepted. The signal forceeob does not 
actually get generated until a Huffman code is decodeT 

i fL t : ixed iength code a - e - bitS ) 

affected, but the next Huffman coded information is 

is one and 3P egeobO is used, only one bit is read and, 

correct time. Note, that it is impossible for a size of 
zero to occur in this situation since the only symbols with 

size zero are EOB and ZRL. 

Produce"? 0 "? 9 13 fairly ." nd - -««H ng of the command to 
la tabo T"- tab ° <HUf fman deC ° din * ^ Tc -« table) , 

oper'a i on T n d6COdin9 ^ ^ MBA ^ ™* <™ 

perat ion . There ^ ^ 



# 




432 



10 



15 



20 



25 



30 



35 



:tit^::r:z no data ^ - — <- - 

E OB, and lastly table d " ° UtPUt ^ Pr ° dUCed tQ 

notfrczero ^7 h l0,d "«^"io„ is . third . 

(generated by a FLC of size zero a nop* 
► ensures that thP mc,,!. ■ a nop) 

tne result is zero when a NOP instructing ■ 

s u :::; d F r herraore ' invert — * — -; s rr a ° 
snou d be lnverted before Huffman decoding (see 

B. 2.2.1.1,. ring lndicates when the tra coefficient 
ring should be applied (see section B.2.2., 2) 

cod D e e s C ° di T iS alS ° aCC °^ lished "garding addressing the 

path ROM' R ° MS - Th6Se a " bUilt ° Ut ° f the ^ta- 

path ROMs . The signals are duplicated 

J-nto two sections Th« _ , _, 

the hi . The address «n be taken either from 

the bit counter (bitM-nii ^ * 

: c I nit [3.0]) or from the microprocessor 

interface address (kpv-^nw! ~ , > ^ H'^essor 
to „ addr(3:0]) depending upon UPI access 

to the block being selected. 

r e 2Vrs na \ deCOding ^ C ° nCerned With the UPI o, 
1 6 P ? 33 thOSS h ° ld HUff - n -lues 

trlstat e e d ^ (E ° B ' ^ A1S ° • 

tristate driver control fnr t-h.= *.~ 

for thes e registers and the upt 
reading of the codes per bit rams . 

Arithmetic datapath decoding is also provided for certain 
important bit numbers. f irst hii- i „ • certain 

wirh u ^ tirst_bit is used in connection 

with the Tcoeff f irst coefficient trick and bit five is 

t c :; c re ed 0 ;T applying the ring in the «*• 

the use of forceeob to simulate the action that the EOB 
comparator matches the decoded index value 

shifter then the associated extn bit is read along with 
Otherwise, the last -value of extn is preserved. This 
allows the testing of the extn bit- h„ 

at - = Xt by tne microcode program 

at any time after a token has been read 

When eerodat is asserted, the upper' four bits of the 

hav TZZ PU \ ^ a " t0 Si " Ce th - only 

6 Valld ValU6S When deCOdin ^ length codes, 

are zeroed when decoding a VLC, a token or when a 
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instruction is executed for any reason. 

FurfheV circuitry detects when each command is compl- t . d 
and generates the -done" signals. Essentially, there'are 
_ two groups of reasons for being "done"; normal reasons and 
> exceptional reasons. These are each handled by one of the 
two three way multiplexers. 

The lower multiplexer (i_ 1275 ) handles the normal 
reasons. m the case of a FLC, the signal ndnflc is used 
This is the output of the comparator comparing the bit 

10 counter with the table number i„ 

^auxe numoer . in the case of a VLC the 

signal ndnvlc is used. This is an Qutput from ^ 
arxthmetic datapath and reflects directly Equation 9. m 
the case of an NOP instruction or a Token, only one cycle 
15 "don"" 1 ^ and ' theref ° re ' thS SyStem is ^conditionally 

In the present invention, the upper multiplexer (i i 274 , 
handles exceptional cases. if the decoder is expecting a 
size to be fed back (fbexpctdO) in JPEG decoding and that 
size is one (notfboneO,. then the decoder is done because 
20 only one bit is required. if the decoder is doing the 
first bit of the first coefficient using the Tcoeff table 
it is done if bit zero of the current index is zero (see 
Section B.2.2.1.2,. If neither of these conditions are met 
then there is no exceptional reason for being done 
2= The NOR gate (i_ 12 93) finally resolves the "done- 

condition. The condition generated by i-570 (i.e., that 
the data is not valid, forces "done". This may seem a 
little strange. It- is used primarily just after reset to 
force the machine into its "done" state in preparation for 
^0 the first command ("done" resets all counters, registers 
etc.,. Note that any error condition also forces "done" 

The signal notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 
detecting an error "done" is forced anyway. Tne use of 
'» "done" would give a combinatorial feedback loop. 

Error detection and handling, is accomplished by 
circuitry which detects all of the possible error 
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conditions. These are ORed together in i_H90. In this 
case, i_H93 f i-585 and i_584 constitute the three bit 
Huffman error register. Note i_1253 and i-1254 which 
disable the error in the cases when there is no "real" 
5 error (section B.2.2.3). 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected. 
As previously indicated, control signals are delayed to 
10 match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit. It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 

15 length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 

20 (rather than each time one of the primitive commands 
completes) . 

Aluinstr[36) is the bit that allows the ALU to step the 

block counters (if other ALU instruction bits specify an 

increment too) . This also must only be asserted once. 
25 In addition, these bits must only be asserted for ALU 

instructions that output data to the Token Formatter. 

Otherwise, the counters may be incremented prior to the 

first output to the Token formatter causing an incorrect 

value of "cc M in a DATA token. 
3 0 In the illustrated embodiment of the invention, either 

alunode[l] or alunode[0] will be low if the ALU will output 

to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 

State Machine datapath referred to as "hdstdp". There is 
3 5 also a UPI decode for reading the output of the Huffman 

State machine ROM. 

Multiplexing is provided to deal with the case when the 
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table number is specified by the ALU register file 
locations (see Section B.2.2.4.6). 

The modification of aluinstr [ 3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
5 B. 2. 2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 
10 Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

15 Selold causes loading of the command from the registers 

that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huff-man 
State Machine ROM. 

In the case of the table number, the situation is 

20 slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 

2 5 signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) . The signal notignorerom effectively 

30 disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU . 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 
35 Decoding is also provided for driving the signals into 

the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM. 
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B. 2 Th 2 e tT rati0n ° f eSCape - rU " is Ascribed in Section 
Decoding also provides for the registers 

M " IndSX nUmber Symb ° 1S SUCh - ZRL -"d EOB 

These registers can be loaded from the UPI or the datapath 

The decoding in the cen ter (es ( 4 : 0 ] amJ ^ - P ^ 

generating the select signals for the multiplexers that 

T " giSter - «"«t.nt value to compare against 

the decode Huffman Index. 

Regarding the control logic for the Huffman state 
Machine. Here the "instruction" bits from the Huffman 
State Machine ROM are combined with various conditions to 
determine what to do next and how to modify the instruction 

word for the ALU. 

in the present invention, the signals notnew. notsm and 
notold are used on sheet 10 to control the operation of the 
Huffman Decoder command register. They, are generated here 
in an obvious manner from the control bits in the state 
-chine ROM (described in Section B.2.2.5.3, together with 
the output of the Huffman Index comparators (neobmatch and 
nzrlmatch) . 

Selection is also accomplished of the source for the 
instruction passed to the ALU. The actual multiplexing is 

performed in the Huffman State m=-k,- 

an state Machine datapath "hfstdp" 
Four control signals are generated. 

in the case when the end-of-block has not been 
encountered, one of aluseldmx (selecting the Parser State 
Machine instruction) or aluselsm (selecting the Huffman 
state machine instruction) will be generated 

In the case when the end-of-block has not been 
encountered, one of aluseleobd (selecting the Parser State 
Machine instruction) or aluseleobs (selecting the Huffman 
State Machine instruction) win be generated. In addition 
the ..outsrc" field of the ALU instruction is modified to 
J3 force it to "zinput". 

A register holds the nominated table number during table 
download. Decoding is provided for the codes-per-bit RAMs . 
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Additional decoding recognizes when symbols like EOB and 
ZRL are * downloaded so that the Huffman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
correct number of bits have been read when reading a FLC. 
B-2.2.6.2 De scription of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and mzr(7:0J) select which value to 
use and the exclusive-or gates and gating constitute' the 
comparators . 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary here. An exclusive or is used for 
15 inverting the data (i_807) described in Section B.2.2.1. 1. 

The "code" register is 12 bits wide. A multiplexing 
arrangement implements the "ring" substitution described in 
Section B. 2 . 2 . 1 . 2 . 

Regarding the pipeline delays for data and multiplexing 
between decoded serial data (index[7:0]) and Token data 
(ntoken0(7: 0] ) , the Huffman index value is. decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 

2 5 because the table select information arrives late. All 

tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 

3 0 B.2.2. 6.3 Description of "hdstdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
35 Formatter. it only processes about half of the instruction 
word that is passed to the ALU , the remainder being dealt 
with by the other module "hdstmod". 
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"Hdstmod" includes the Huffman State Machine ROM. Some 
bits of "this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel." is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
the present invention, sits at the end of the' Huffman 
block. Its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN . 



The Microinstruction Word 

Table B.2.7 The Microinstruction 
word consisting of seven fields 



.~e!d Name 


3.;s 


Token 


0:7 


Mask 


8: 1 1 


Block Type (9t> 


12::3 


ErrernaJ Exin (Es) 


14 


Demux Extn (De) 


IS 


End ol Block (Eb) 


16 


Command (Cmd) 


17 


16 15 14 12 8 


I Eb Oe Ee Bt Mask 


Token 



0 



The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
3.2 Operating Modes 

Table B.2.8 Bit Allocation 



Cmd 


Mode 


0 


Oaia.Word 


t 


Data .Token 
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B.2.3.2.1 n^ a n or ri 

in this mode, the top eight bits of the input are fed to 
the output. The bottom eight bits win be either the 
bottom eight bits of the input, the Token field of the 
Microinstruction word or a mixture of both, depending on 
the mask field. Mask represents the number of input bits 
in the mix, i.e. 

out_data ( 16 : 8.) = in_data [16:8] 

out_data { 7 : o ] = (Token [7:0]* ( f f «mask ) ) indata [ 7 : o ] 
When mask is set to 0 x 8 or greater, the output data 
will equal the input data. This mode is used to output 
words in non-DATA Tokens, with mask set to 0, out_data ( 7 • o i 
will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn , 
otherwise 

out_extn=0e.Bt and Eb are "don't care". 
2 0 B.2.3.2. 2 Pat-.* T n y.„ 

This mode is used for formatting DATA Tokens. and has two 
functions dependent on a signal, f irst_coef f icient . At 
reset, first_coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to 1, out_data [ 16 : 2 ] is set to 0 x 1 and 
out_data[l: 0 ] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coeff icient takes the value of Eb. When the next 
coefficient arrives, out_data( 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and first_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e., 
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If (fir 



■ t^coef ficieac ) 



out_data(i« :3 J . 0x1 
°ut_daca(l:OJ = 3CC1.-0J 
?Xfl6:0] . ia.d ata( 16:0] 



} 

else 

( 



out_data(l« : oj . RM16:0] 



ou c_«xtn - - C b 
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B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
actually supplied by other circuitry. The »Bt» field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
"cc» or "color component". Thus, , when a DATA Token header 
is constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb» bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 

when one is assumed because the last coefficient in the 

block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 

only has meaning with respect to Tokens when the extension 

bit is supplied along with the Token word in the normal 

way . 
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B.2.4 The Parser state Machine 

The Parser state Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication l ies in the programming of the microcode ROM 
which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple increments and 
this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. If the jump is not 
15 taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again 
a bit in the microcode ROM) . The resulting signal selects 
between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False". If this condition is selected, n< 
jump will occur. Alternatively, if this condition 
selected and then inverted, the jump is always taken; an 
25 unconditional jump. 
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— „ Table B.2.9 Condition Code Bits 




Oescnoticn 


0 


userpj 


Connected to a renter ='Ocra.-nrr.acr e C y user irzrr. 


1 


userhj 


me cicroprocessor mtertace. They allow ser ceW-- 


2 


CC£_ei<;r.; 


condition codes i.^at -an ^..k t.~* - 


3 


coo_scec:ai 


^ JC - S k * * ai -« n -» -.es:ec <vi;n iirte cver.-eaj. 
Two are defined to control non-starcard 'Ceded bfocx 
Parern- crocessir.g ! 0 r experimental 4 clock anc 3 ;toc* 
macrcfclock structures. 


4 


he[G| 


These oils connect directly to tne ru.-inan cecccer s 
Huffman error register. 


5 


heft] 


6 


he(2I 


7 


£rji 


The tension bit (for Tokens) 


9 


aikotn 


The Slock Pattern Shifter 


9 


MBsiart 


At Stan of a Maerociock j 


10 


Picsian 


At Stan of a Picture | 


1 1 


Restart 


Ai Stan of a Restart interval "~j 


12 


Chngcet 


The •Sticky Change Oe:ect c«t j 


13 


Zero 


ALU zero condition 


14 


Sign 


ALU sign condition 


' 5 


False 


Hard wired to raise. 



B.2.4.1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. in addition, condition codes 
are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
it to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 
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the feedback wire from the ALU becomes asserted. This 
wire, fb_ valid, indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
requested the wait for feedback. 

The intended use of the feature,' in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data, 
without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e., the ALU in 
this case) is uncertain. 

Not all instructions are passed to the Huffman Decoder. 
Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 
2 0 no requirement that the Huffman Decoder accept the 
instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 
2 5 Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is. the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
30 Parser Event by setting this bit. Typically, the 
instruction that does - this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt. 

33 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. if the instruction that caused the event has a 
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jump instruction (whose condition evaluates true) then the 
jump is taken in the normal manner. Hence, it is possible 
to jump to an error handler after servicing by coding the 
j ump . 

A Huffman event is rather different. The condition being 
monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 
occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 
15 handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling. 

It is possible for huffintrpt to be asserted without a 
Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). since the Huffman error 
register will.be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 Special locations 

There are several special locations in the microcode ROM. 
The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 
35 a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_H_TRACE_RST in CED H TRACE. 
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In this case, the coding_std register is not reset and 
control passes to the appropriate one of the first f our 
locations. 

The second four locations (0 x 004 to 0 x 007) are used 
-hen a Huffman interrupt takes place. Typically, a jump to 
the actual error handler is placed in each of these 
locations. Again, the choice of location is made as a 
result of the. coding standard. 
B.2.4.4 Tracing 

As a diagnostic aid, a trace mechanism is implemented. 
This allows the microcode to be single-stepped. The bits 
CED_H_TRACE_EVENT and CED_H_TRACE_MASK in the register 
CED_H_TRACE control this. As tne " r names suggest> fc 
operate in a very similar fashion to the normal event bits 
However, because of several differences (in particular no 

i^PI interrupt is ever a&n&r*i-**ri\ 

r 9 ene rated) they are not grouped with 
the other event bits. 

The tracing mechanism is turned on when CED_H_TRACE MASK 
is set to one. After each microcode instruction is'read 
from the ROM, but before it is presented to the Huffman 
Decoder, a trace event occurs. In this case , 

CED_H_TRACE_EVENT becomes one. rt must be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY DMX WORD 0 through 

CED H KEY DMX WORD 9. The instrnrH. ~ 1 ~ 

- ( - - lue lns truction can be modified at 

this time if reauired wrif - 

q irea ' writing a one to CED_H_TRACE EVENT 

causes the instruction to be ex^ni-oH a ^ ~, 

w executed and clears 

CED - H - TRACE EVENT. Shortly aft P r fhic «. • 
. ~ iy arter this time, when the next 

microcode word to be execute u« 

executed has been read from the ROM, 

a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed using an assembler "hpp" 
which is a very simple tool and much of the abstraction is 
achieved by using a macro preprocessor. A stand ard »C" 
preprocessor "cpp" may be used for this purpose. 

The code is instructed as follows: 

Ucode.u is the main file. First thu * „ , 

this includes tokens, h 
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to define the tokens. Ne xt, regfile.h defines the ALU 
register map. The fields. u defines the various fields in 
the microcode word, gi ving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 
10 to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B.2.S.1 The Instructions 

In this section the various instructions defined in 
ucode.u are described. Not all instructions are described 
here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 

B - 2 - 5 ' 1 - 1 Huffman and Index to Data Instruction 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 
Huffman does nothing in. the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; H_T0KSRCH, 
H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_T0KREAD ' 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_TOKREAD reads a 
single token word. HJTOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
The associated command is repeated for each word of the 
Token. H_TOKSRCH discards all serial data preceding a 
Token and then reads one token word. H_TOKSKlP PAD skips 
any padding bits (H.261 and MPEG) and then reads~one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 
H_FLC(NB) reads a fixed length code of "NB" bits. 
H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC (tcoef f ) ) . 
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H_FLc_i E(NB) is like H_FLC, but the "ignore errors" bit 
is set. ^ 

H_TEST_VLC (TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
5 Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_s i ze , 
respectively. 

H_DCJ reads JPEG style DC coefficients, the table number 
10 from the ALU. 

H_DCH reads a H.261 DC term. 

HJTCOEFF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst HJTCOEFF is for intra blocks after the DC 
15 term has already been read. 

H_NOMINATE (TBL) nominates a table for subsequent 
download. 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
20 B. 2. 5.1. 2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. In the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x. , i.e., 
the destination is listed first and the source second: 
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le B,2.io Letters used to denote possible 
sources and destinations of data 



Lener 


Meaning 


A 


A register 


a 


Run register 




Data Incut 


o 


Oata Outout 


F 


ALU register F!le 


C 


Constant 


z 


Constant of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. If the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. in this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
the bit indicated in the RUN register, and stores the 
result in the A register. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"CLRA" is used for clearing the A register, "RMBC" to reset 



the macroblock counter. These are fairly obvious and are 

described in comments in instr.u. 

One anomaly is the use of a suffix "_0" to indicate that 

the result of the operation is output to the Token 

formatter in addition to the normal action. Thus 
LDFI_0(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_I (RA) if desired. 
B • 2 • 5 • 1 • 3 — Token Fo rmatter instruction-. 

This is the T_NOP "No-operation" instruction. This is 
really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 
T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions) . 

T-GENT8 generates a token word based on the 8 bits of 
constant field. 

T_GENT8 E like T_GENT8 , but the extension bit is one. 

T_OPD(NB) NB bits of data from the bottom NB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_OPDE(NB) like T_OPD, but the extension bit is high. 

TJDPD8 short-hand for T_OPD(8) 

T_0PD8E short-hand for T_0PDE(8) 
B - 2 ' 5 - 1 ' 4 Parser State Machine IngtH.rH'nn. 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP, but waits for feedback to occur. 

The simple jump group. Mnemonics like D_JMP ( ADDR) and 
D_JNX ( ADDR) jump if the condition is met. The instruction 
is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP (ADDR) and 
D.XJNX(ADDR). these are like their simple counterparts 




451 



above, but the instruction 
Decoder"'. * 



is output to the Huffman 



The jump and wait group. Mnemonics like D_WJNZ (ADDR) . 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves . 

Table B.2.11 Mnemonics used for the conditions 



Mnemonic 


Meaning 


JMP 


| Unconationai jumo 


JXT 


JNX 


1 


Jump ii exwal (extnsO) 






JHEO 


JNHEO 


1 


Jump ;/ Huffman errcr bit 0 set (clear) 






JHEt 


JNHEt 




Jumo if Huffman error bit i set (c(ear) 






JHE2 


JNHE2 


1 


Jump if Huffman errcr sit 2 set (c'ear) 






JP-.N 


j Jums it -anem snifter LS3 i s set 


JPiCST 


JN?!CST 


1 


Jumo ;s at picture scan (not at sicrur's s:an) 




i 


-flSTST 


JNRSTST 


1 


Jump if at start of restan interval (not at s:an) 


i 

l 




JNCP9S 




Jump .f not speciai CPS coding 








JMCP98 


1 


Jump if not 8 block (i.e. 4 block) macrcttcck 






.'Ml 


JPL 




Jumo if negative (jump if 0 \^s) 






JZc 


JN2 


Jump !/ zero (jumo if non-zero) 




wCHNG 


JNCHNG 


Jump if cnance Cetect bit set (clear) 




JM3S7 


JNM3ST 


Jur-o if at start of macroblnck (not at stam 
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D_EVENT causes generation of an event. 

D_DFLT-for construction of a default instruction. This 
causes an event and then jumps to a location with the label 
dflt". This instruction should never be executed since 
they are used to fin a ROM so that a jump to an unused 
location is trapped. 

D_ERROR causes an event and then jumps to a label 
srch_dis P atch-. which is assumed to attempt recovery from 
the error. 



10 



15 



453 

SECTION B.3 HUFFMAN DECODER ALU 
B • 3 . 1 Xntroduc t ion 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. it also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 3 6-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8-bit 
constant port (which actually resides on the token bus). 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 

microinstruction word which represents an extension bit and 
20 is output together with the 17-bit-run-sign-level 
(out_data). There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 

2 5 Huffman Decoder sub-blocks via the ALU, and also to the 

microprocessor interface. 
B.3 .2.2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 

3 0 Input block 400 

Output block 401 
Condition Codes block 402 

M A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
3 5 Adder /Subtractor 4 05 with source multiplexing 

Sign Extend logic 406 with source multiplexing 
Register file 407 
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OUtDuL" 0 - th6Se blOCKS ° UtPUt d --= 

::i::\:: to L : r runrung — ^ - — Path , and th ; s 

uses are. in turn, used as inpufcs fco ^ mu 
block sources. For example, the adder output has it own 
datapath bus which is one of the possible inputs to the" 
; 691Ster - the A register has its own bus which 

forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect as 
specified in Section 7 on the microinstruction word. ' 

in a single 'cycle, it is possible to execute either an 
add-based instruction or a sign-extend-based instruction 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
Q parallel. m other words, add then sign extend or sign 

,0 ^ extend then add sequences are not allowed. The register 

•i fllG may bS 6ither " ad f"m or written to in a single 

y cycle, but not both. 

=1= The output data has three fields: 

lj ■ run - 6 bits 

sign - 1 bit 
level - io bits 
If data is to be passed straight through the ALU, the 
least significant 11 bits of the input data register are 
latched into the sign and level fields. 

It is possible to program limited multi-cycle operations 
of the ALU. in this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 
counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register. 

B.3.3 The Adder/Subtractor Sub-Block: 

This is a 12-bit wide adder, with optional invert on its 
mput2 and optional setting of the carry-m bit. output is 
a- 12 bit sum, and carry-out is not used. There are 7 modes 



30 




455 



10 



15 



50 



2 5 



30 



35 



of operation: 

ADD: add with carry in set to zero: inputl + input2 
ADC: add with carry in set to one: inputl + input2+l 
SBC: invert input2, carry in set to zero: inputl - 
input2 l 

SUB: invert input2 , carry in set to one: inputl - 
input2 

TCI: if input2<0, use SUB , else use ADD. This is 
used with inputl set to zero for obtaining a . magnitude 
value from a two's compliment value. 

DCD (DC difference): if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add): if inputKO do ADC , 
otherwise do SBC. 
B.3.4 The Sign Extend Sub-BlocJc 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size. input. Size is a 4 bit 
value ranging from 0 to 11 (0 relates to the least 
significant bit, 11 to the most significant). Output is a 
12 bit modified data value, and the "sign" bit. 

In SGXMODE-NORMAL, all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. sign takes the value of the size- 
th bit. For example: 
data = 1010 1010 1010 
size = 2 

output = 0000 0000 0010, sign=0 

In SGXMOD=INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size =o 

output - mi im 11X1/ sign = x 

In SGXMODE=DIFMAG, if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 



is one, all bits remain unchanged. In both cases, si gn 
takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example : 

data = 0000 1010 1010 
size =2 

output = 0000 1010 1101, sign = 1 

data = 0000 1010 1010 
size =1 

output = 0000 1010 1010, sign =* 0 

In SGXMODE=DIFCOMP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, while 
all those below (and including) remain unchanged. Sign 
takes the inverse of the size-th bit. This is used for 
obtaining two's compliment values for DC difference values. 
For example: 

data = 1010 1010 1010 

size = 0 

output = mi im 1110/ sign = x 

B.3.5 Condition Codes 

There are two bytes (16 bits) of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 
the zero condition code, the Extension condition code and 
a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
each, of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simplv the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 
condition code is the input extension bit latched 
regardless of OUTSRC. 



Condition codes may be used to evaluate certain condition 
types: 

■result equals constant - use subtract and Zero 
condition 

•result equals register value - use subtract and 
Zero condition 

•register equals constant - use subtract and Zero 
condition . 

•register bit set - use sign extend and Sign condition 
• result bit set - use sign extend and Sign condition 
Note that when using the sign extend and Sign condition 
code combination, it is possible only to evaluate a single 
specified bit, rather than multiple 'bits as would be the 
case with a conventional logical AND. 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) . a microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_Start, Pattern_Code , Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below. It 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI . A number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but for* 
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part of the address map for the UPI . some multi-byte 
locations (denoted in the table by »o" for oversize) have 
a single ALU address, but multiple UP I addresses. 
Similarly, groups of registers which are indexed by the 
component count, CC (Indicated by I" in the table) are 
treated as a single location by the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
15 are denoted in the table by »M", and those which are also 
counters (n-bit) are annotated with Cn . 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 
location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
25 by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
30 for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T"), 
i.e., not only through the keyhole registers. These two 
35 locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the two' repeated sections give 
the variations for JPEG and H.261 respectively. 
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10. 

TT 
"IT 
TT 
~ 
TT 



fionz pels i 
iioriz pels 0 
vert pels l 
ven pels 0 
buff size 1 
I turf size 0 



i 5 | pel asp. ratio 
| bit rate 2 
bit rate 1 
I bit rate 0 
t pic rate 
I constrained 
picture type 
H261 picture type 
broken closed 
prea mode 
I vov delay i 
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122 



vdv delay 0 
full pel fwd 



(23 f full pel bwd 



24 horiz mb cooy 



25 



pic number 



I.O 



I.O 



l.O 

"o" 

~o" 

~o~ 

~o" 

~o" 

~o~ 

~o 

~o~ 



41. 

IF 
"43" 
44 
"4T 

46" 



47 

so" 

57 

sT 

53" 

sT 

sT 

sT 

57~ 
60" 

sT 



dc prea_0 0 
dc pred_) 1 
dc pred_i 0 
dc pred_2 1 
dc pred_2 0 
I dc pred_3 \ 



62 



dc ored_3 0 
prev mnf l 
prev mnf 0 
prev mvf 1 
prev mvf 0 
prev mho 1 
prev mno 0 
prev mvO 1 
prev mvo 0 
mo horiz cntl 
mo horiz cn;0 



mb vert cr.x 1 



M 



63 J mo ven cr.;Q 



M 



M 



64 



65 



66 



horiz mb 1 



horiz mO 0 



vea mo 1 



C:3 



max h 
I max v 



M 

TT 



67 
6?" 



vert md 0 
restart count 1 
restart countO 



C16 



M 



6A 



restart gap) 



2A 



M 



63 



restart gapO 



2B 



M 



6C 



horiz bJk count 



C2 



2C I first group 



M 



6D 



ven blk count 



C2 



2D 



in picture 



H.M 



6E 



como id 



C2 



2£ 



rom control 



6F 



max como id 



|2F 



rom revision 



H.R 



70 



coding sid 



130 



dc hurt 0 



M.H 



71 



pattern code 



SR3 



111 

132 



dc huff 1 



H 



72 



fvvd r size 



dc nuff 2 



H 



73 



bwd r size 



| 33 



dc nuff 3 



34 



ac huff 0 



35 



ac nuff 1 



36 



ac huff 2 



M.I 



73 



hO 



Table B.3.1 Table i: 



Huffman Register File Address Map 
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37 


ac hurt 3 




W.I 


79 


h i 


1 • 
1 I 




3a 


tqO 




M.I 


7A 


h2 


1 J 




39 


tqi 




M.I 


78 


h3 


. I > 


1 |3A 


tq2 




M.I 


7C 


vO 






36 


IQ3 




M.I 


70 


vl 






3C 


1 


M.I 


7E 


v2 


i 1 




30 


1 


M.l 


7F 


v3 III 



Table b.3.1 Table i: Huffman Register Pile Address Map 
JPEG Variations: 



Table B.3.2 JPEG Variations 





IU 


horiz pels I 






L 1 


horiz pels 0 






I Z 


vert pels 1 








vert pels 0 






1 A 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 




1 o 


bit rate 1 








bit rate 0 






1 A 

1 A 


pic rate 






1 D 


constrained 






1 C 


picture type 






ID 


H261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay 1 






21 


vbv delay 0 






22 


pending frame ch 






23 


restart index 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 







% 
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H.261 Variations 





2B 






2C 


first scan 






2D 


in picture 






2E 


rom control 






2F 


rom revision 




Table B.3 


.2 JPEG variations 








10 


I horiz pels I 


. 




11 


_ 

honz pels 0 






12 


vert pels 1 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate 1 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






IC 


picture type 






ID 


M261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


full pel fwd 






23 


full pel bwd 






24 


honz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








IA 






2B i 


n gob 
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2C 


first group 






2D 


in picture 






2£ 


rom control 






2F 


rom revision 





Table B.3.3 H.261 Variations 



B.3.7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
5 controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus 1 for the extension bit input) .and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
10 maintained. The instruction ' word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 



# 



464 



13 

si 



Field 



0UT5RC 
(specifies 



sources for 
run. sign and 
level output) 



Value 
RSA6 



Description 



run, sign. A register as 6 bits 



ZZA 
2ZA8 



ZZADDU4 
ZINPUT 
RSSGX 
RSADD 
RZADD 



zero, zero, A register 



zero, zero. A registe r Is 8 bits 
zero, zero, add er o/p ms 4 bits 
zero, input data 
run, sign, sign extend o/p 
run. sign, adder o/p 



ZZADD 



zero, sign, adder o/p 



zero, zero, adder o/p 



Bits 



0000 



0001 



10010 



1 001 



1001 



iOiO 



lOi 1 



REGADDR 


00-7F 


1 : - — — 

register tile address for ALU access | 7 bits 


RECSRC 


ADD 


drive adder o/p onto register file i/p | o 


REGMODE 


sex 

READ 
WRITE 


drive sign extend o/p onto register file i/p | l 
read from register file | q 
write to register file | | 


CNGDET 


TEST 


update change detect if REGMODE is 1 0 
WRITE 


i c nance | HOLD 


do not update change detect bit | 1 | 


detect) | CLEAR 


reset change detect if REGMODE is READ | 0 < 



Table B.3.4 Table 2: Huffman ALO 
microinstruction fields 



4 



% 
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RUNSRC 
(run source) 
RUNMODE 



A5RC 



RUN IN 
ADD 
LOAD 
HOLD 
ADD 



(A register 
source) 



AMODE 



INPUT 
SGX" 
REG" 



dnve run i/p onto ru n register i/p 
drive adder o/p on to run register i/p 
update run register 
do not update run register 



drive adder o/p onto A register i/p 



LOAD 
HOLD 



dnve input data onto A register i/p 
drive sign extend o/p o nto A register i/p 
drive register file o/p onto A register i/p 



update A register 



00 



01 

To 
IT 



j 



do not update A register 



5GXMODE 



NORMAL 



sign extend with sign 



00 



(sisn extend 



INVERSE 



sign extend with -sign 



01 



mode - see 



DEFMAG 



invert lower bits if sign bit is 0 



10 



section 4) 



DEFCOMP 



SIZESRC 



(source for 



sign extend 



CONST 



sign extend with -sign from next bit up 



REG 



drive A register onto sign extend size i/p 



drive reg.file o/p on co sign extend size i/p 



1 i 



drive const, i/p onto sign extend size i/p | 



00 



01 



10 



size input) 



RUN 



drive run reg. onto sign extend size i/p 



11 



SGXSRC 



INPUT 



(sgx input) 



drive input data onto sign extend data i/p 



drive A register onto sign extend data i/p 



0 



ADDMODE 



(adder mode 
see sect. 3) 



ADD 



input I + input2 



ADC 



inputl + input2 + 1 



000 



001 



SBC 



inputl - input2 - 1 



SUB 



inputl - input2 



010 



01 



TCI 



SUB if input2<0, else ADD - 2's comp. 



100 



DCD 



ADC if input2<0. else ADD - DC diff 



101 



VRA 



ADC if input 1<0, else SBC-vec resid add 



TTo ( 



ADDSRC1 



drive A register onto adder input 1 



00 



(source for 



REG 



drive register file o/p onto adder i/p I 



01 



adder-i/p 



INPUT 



drive input data onto adder input I 



10 



non-invert) 



ZERO 



drive zero onto adder inputl 



11 



ADDSRC2 



CONST 



drive constant i/p onto adder input2 



00 



(source for 



drive A register onto adder input2 



| 01 I 



inverting 



INPUT 



drive input data onto adder input2 



10 



input) 



REG 



drive register file o/p onto adder i/p2 



1 1 



CN DC- 
MODE 



TEST 



update condition codes 



Table B.3.4 Table 2: Huffman ALU microinstruction fields 



4 % 

466 



(cond. codes) 


HOLD 


do not update condition codes i 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and ripple 


001 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset all counters in mb structure 


Oil 




DISABLE 


disable all counters 


txx 


INSTMODE 


MULTI 


iterate current instr muiti times 


0 




SINGLE 


single cycle instruction onlv. 


1 1 



e 2: Huffman ALU microinstruction fields 



4 % 

467 

SECTION B.4 Buffer Manager 
B.4.1 Introduction 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
5 the present invention (bcnan) . 
B . 4 • 2 Overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM. 
The DRAM interface maintains two F£FOs in the DRAM, the 
10 Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a write address for 
each buffer. 
B.4. 3 Interfaces 

The Buffer Manager is connected only to the DRAM 
15 . interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4. 4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
20 address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain . 

2 5 B.4. 4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers :- 

Initialization registers (RW from microprocessor) 
' BASECB - base address of coded data buffer 

3 0 \LENGTHCB - maximum size (in pages of coded data 

buffer 

• BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

35 * LIMIT - size (in pages) of the DRAM. 

Dynamic registers (RO from microprocessor) 

* READCB - coded data buffer read pointer relative to 
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BASECB 

* HUHBERCB - coded data buffer write pointer relative 
to READCB 

* REAOTB - token data buffer read pointer relative to 
5 BASETB 

• NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses 
readaddr = (BASE + READ) mod LIMIT 
10 writeaddr - (((READ + NUMBER) mod LENGTH) + BASE) mod 

LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
around DRAM. 

B.4«5 Block Description 

15 In the present invention, and as shown in Figure 127, the 

Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface .connection. The modules are baprtii* (prioritize) , 
bainstr (instruction), and baracalc (recalculate) are arranged 

20 in a ring of that order and oainoop (snoopers) is arranged 
on the address outputs. The module , Baprtixa , deals with the 
REQ/ACK protocol, the FULL/ EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 

25 bainttr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/ EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
butfer manager registers. 

3 0 The module, Bainatr, on being told by baprtis* to calculate 

ah address, issues six instructions (one every two cycles) 
to control bar«c*lc to calculating an address. 

The module, B*r«c*ic, recalculates the addresses under the 
instruction of baimtr. Running an instruction every two 

35 cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sbaprtis* of FULL/ EMPTY 



10 



15 
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states it detects and when it has finished calculating an 
address. . • ^ 

B.4.6 Block Implementation 
B . 4 . 6 . l Bmprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up of the initialization 
registers. Wnile bu£_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

once buf_access is de-asserted (write zero to it) b-p rti „ 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus 
no requests are asserted. Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated. 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly, bBprtil . will recalculate 
any invalid address that is not currently being calculated. 

in the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
30 accesses. 

B.4.6. 2 Bminstr 

The module, tain.tr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address). Note 
that even cycles start an instruction, whereas odd cycles 
3= end an instruction. The top 3 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 



20 



25 



For read addresses: 
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Cyc:e 


Operation 


3usA 


9us8 


Result 


resurs $:gn j 


°-l A00 | p= A0 | BASE | j 


2*3 WOO | Acc-jm 


L'MIT | Address | 


4 - 5 | AOO | REAO 


*1* 


i • i 


6 " 7 | WOO | Accum 


LENGTH 


READ 




a-9 | SUB 


■NUMBER 


-r 


NUMBER | 


: I" 


10-11 


MOO 


*0* 


Accum 




SE7_=.M?TY j 
(NUMS En >=0) ! 



Table B.4.1 Read address calculati 

For write addresses: 



Cycle 


Operation 




SusB 


Result 


Meaning of 
resufl's sign 


0-1 


A 00 


NUMBER 


| READ 


1 i 


2-3 


| MOO 


Accum 


| LIMIT 


1 i 


4.5 


AOO 


Accum 


BASE 


1 1 


6-7 


MOO 


Accum 


UMIT 


Address 1 1 
! | 


8-9 


AOO 


NUMBER 


"T 


NUMBER | | 


10-11 


MOO 


Accum- 


LENGTH 




SET_r ULL 1 

(NUMBER j 

! 
j 

LHNGTH) j 



Table B.4-.2 For write address calculations 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The nodule, Bmrecalc, performs one operation every two 
clock cycles'. it latches in the instruction from bmiastr 
(and which buffer and io type) on an even counter cycle 
(start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle ( end_a lu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, bmrecalc informs bmprtize as to whether 
the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (load_addr) . 

Full/empty are calculated using the sign bit of the 
operation's result. 

The modulus operation is not a true modulus, but A mod B 
is implemented as: 
( A> B? (A-B) :A) 

however this is only wrong when 

A> (2B-1) 
25.* which will never occur. 

B . 4 . 6 . 4 Bmsnoop 

The module, Bmsnoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e., can be 
30 accessed with the clocks running) to allow on. chip testing 
of. the external DRAM. - These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
35 wire protocol because it is essential to transmit 
information (i.e., acknowledges) back to the sender which 
an accept will not do). Hence, this rigorously monitors 



20 



4 




10 
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the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
15 written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when- appropriate. 

No check is ever made to see that the values in the 
20 initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 



4 




~gO_3UF_KEYHQLg_AOOR 



CeJ,3U F_KEYHQL£ 
C£D,3UF.C8_WR_SNP,2 



j^C = r.3UF_ca_WH_SNP_ i 



j CcC.3UF_C9,W R.SNP_Q 
JCHC^3UF_C8.flO.SNP_2 



xaOODOOO 



OOOOOOOO 



0x25 



0x26 



xxxxsoeCD 



0x54 



0x55 



0x56 



0x57 



[ CEC_3UF_C8_RD_SNP_i 


OOOOOOOO 1 0x58 


| C=D.3UF_C8.RO_SNP_0 


ODOOOCOO 


0x59 


v- = D_3UF_TB_WR_SNP_2 


wooooeDO 


0x5a ( 


C = 0_3UF_TB_WR_SNP_i 


OODDOCDO 


0x5b 


CEO.3UF.TB.WR.SNP.0 | 0OOD0DO£) " 


OxSc 


CED_9UF_TB_RO_SNP_2 


XXJOOOCDD 


0x5d J 


CcO_SUF_TB_flO_SNP_i 


OOOOOOOO 


Ox5e | 


-EO.3UF.TB.RO.SNP.0 | DDDOOODD 


0x5( | 



Where D indicates a registers hi> 

bit giSters blt and * shows no register 





! KeynoJe Register Name 


Usage 


Key hole Address 


CEO_9UF.Ca_8ASE_3 




OxOO 


CcO_BUF_CB_8ASE_2 


xjouocxod 


0x01 


CED_BUF_CB.BASE.1 


OOOOOOOO 


0x02 


CEO_8UF_C8.BASE.O 


OOOOOOOO 


0x03 


CED.BUF_C8.LENGTH.3 




0x04 


CE0.3UF.CB.LENGTH.2 | XJOOoex00 


0x05 | 


CED.3UF_CB.LENGTH_ 1 


DOOODOOO 


0x06 j 




CEO_9UF_CB.LENGTH.O 


00030000 


0x07 | 


| CcO_3UF_CB.READ_3 


xxxxxxxx 


0x08 | 


j CED_3UF_C8_REAO„2 


«xxxxOD | 0x09 


| CE0_=»Jr_CB_REAO_1 


ooooocoo 0x0a 


CEO_3Ur_CB_flSAO_0 


OOOOOOOO 


0x0b | 


[ CS2_3UF_CS_NUM8EH_3 




oxoc ; 



Table b.4.4 Registers in buffer manager keyhole 
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Keyhole Register Name 


Usage 


Key *or« Aeere&s- 


CED_SUF_C3_NUMBER_2 


xxxxxxOO 


OxOd | 


CE0_9UF.CB_NUM8£a.i 


DOOrOOCO 


OxOe | 


CED_9UF_C3_NUM8=.=1_0 




OxOf j 
1 


C=0_SUF_TB_BASE_3 


XXXXXXXX 


OxJO 


CcO_8UF,T3_8AS£_2 


j xxxxxxOO 


0x11 


CED_8UF_T3_SAS£_1 


3C30C330 


0x12 . 


CEO_3UF_TB.BASE_0 


S333330D 


0x13 

[ 


CcQ_3UF_T3.lENGTH_3 


xxxxxxxx 


OxM j 


C£D_3UF_Ta.LENGTH_2 


• XXXXXXOO 


0x15 ! 

1 


CED_BUF_TB_LENGTH_ i 


0D3DC330 


Ox 1 6 } 


CED_8UF_TB_LENGTH_0 


D0C3000D j 


0x17 j 


CEO_BUFJT3_REAO_3 


xxxxxxxx 


0x18 | 


CED_3UF_TB_REAO_2 


xxxxxxwD 


Ox 1 9 j 


CED_BUF_T3_REAO_1 


3C3333DD 


Ox fa j 


CEO.BUF_TB.READ_0 


3E0D0DDD 


0x1 b | 


CED_BUF_TB_NUMBER_3 


XXXXXXXX 


Oxlc j 


CEO_BUF_TB_NUM8Efl_2 


xxxxxxOO 


Oxtd 


CED_BUF_TB_NUMBEr>_t 


3DC03DDD 1 


Oxie 1 


CEO.BUF.tB.NUMSER.O 


DC00OO00 1 


Oxtf 1 
i 


CED.BUF.UMIT.3 


xxxxxxxx I 


0x20 j 


CEO_BUF_UMlT_2 


xxxxxxOO 1 


0x21 j 


CED_8UF_UM1T_1 


00300000 


0x22 | 


CED_8UF_LIVirT_0 


0033030D | 


0x23 | 


CED.BUF.CSfl 


xxxxOSOD j 


0x24 | 



Table B.4.4 Registers in buffer manager keyhol* 



B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 
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B.4.9 Testing 

Test coverage to the b-.n is through the snoopers in 
bm.noop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain. 



SECTION B.5 Inverse Modeler 
B -5.1 Introduction 

This document describes the 
implementation of th * T Purpose, actions and 

Token Formatter (h .„ !, M ° deU « (i —> «d the 

invention. " ' ' " the present 



Decoder, out TunZoJr^^ P " rt ° f ^ 
is, therefore bette r d ^ °' ^ M ° dSll ~- » 

- B. 5 . 2 overview ' 1SCUSSSd ^ tMS 

The Token buffer, which is between th » ■ 
«n contain a great deal of dat^ T, ■ ^ hSPP *" 

ensure that efficient use °"- chi P D **«. To 

-t b- in a 16 b ?rformat Vh^ °' ^ """^ ^ 
» the Huffman Decoder into thisT" " PaC * S " ^ ^ 

buffer. Subsequently the r " ^ the T ° ken 

<«. the Token buffer format " UnPaCkS " <«« 

However, the Inverse Modeller's main , 
expanding out of "run/ level co des • T ^ ^ 

20 followed by a level Aa l\ ^ * ^ ° f Zer ° *ata 

ensures that DATA tokens h^r^ast": ^ 
^ provides a "gate" f or s ^ " coeff ^ients and 

-t their start-up criteria " WhiCh h "« 

B.5. 3 Interfaces 
25 ' B.5. 3.1 Hsppk 

are of the two-wire type tne B ° th iBt «'«.. 

Port, the output beingTe bU ^ ^ " " ^ ^ 

'« -i9n.l. m addition „ sp J f ' ^ * ^ 

dock, generator and, thu^ connect t T ^ 

chain. n6Cted to the Huffman scan 



B .5.3.2 Imodel 



35 



i-odei has the Token buffer stan- 
<--.*> « inputs and the Inv r G o ? ^ 
input fro, the Token buffer is Z bi T"" " ° UtPUt - 
signal, from the J gl s ^ data "< ^= 

91 one w irestrean._enable. 
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10 
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11 ^ POrt " A11 interfaces are 

controlled by th . two-wire interface protocol. Xmodel has 
xts own clock generator and scan chain. 

Both blocks nave microprocessor access ^ 
snoopers at their outputs. 
B.5.4 Block description 
B.5.4.1 Hsppk 

Hsppk takes in the 17 bit data from the Huffman 
outputs is blt data to the Token buffer> Th . s , s gchieved 

Slther trUnCati ^ ° r -Putting the input data 
into 12 b.t words, and second by packing these words into 
a 16 bit format. 
B.5.4. 1.1 SDlifcfci'Twj 

Hsppk receives 17 bit data f rom the Inverse Huffman 

Thxs data ls batted into „ bits using the following 

formats . ^ 

Where P = specifies format; E = extension bit; R = Run 
bxt, L = length bit (in sign mag., or non-DATA token bit- 
x = don't care. 

2 0 FLLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat 0a 
FRRRRRRo 0 000 Format 1 

Normal tokens only occupy the bottom 12 bits, having the 

form: y Uiie 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 

However, DATA tokens have a run and a level in each word in 
the form: 

ERRRRRRLLLLLLLLLLL . 
This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL-> FRRRRRRo 00 00 Format 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format o is used: 
E000000LLLLLLLLLLL->FLLLLLLLLLLLFormat0 

It can be seen that in the format o,the extension bit is 
lost and assumed to be one. Therefore, it cannot be used 
where the extension is zero. In this c „ o# 
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unconditionally used. 
B . 5 . 4 . 1 . 2 Packing 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed- into three 16 bit words: 



Input words 


Outout words 


Q0000O0O0OCO 


ooooooooocccii;: 


minium 


li;::ill22222222 


222222222222 


2222333333333333 


333333333333 





Table B.5.1 PacJcing method 
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B.5. 4.1.3 F lushing of the buffer 

The DRAM interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 
DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .H.ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B. 5. 4.2.1 Imuo fUnPackPr) 

Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input words * 


| Output words 




occcocoocoooi::: 


000000000900 




I1II1I1I22222222 




2222333333333333 


222222222222 




333333333333 J 



Table B.5.2 Unpacking method 
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10 



5)Maintaining correct data during flushing of the 
Token buffer. • ■ 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block . 

6) Holding back data until Start-up Criteria are met. 
Output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to fasppk. 
B.S.4.2.2 Imex (EXoander) 

In the invention, imex expands out all run length codes 
15 into runs of zeros followed by a level. 
B.S.4.2.3 Imoad (FADder) 

lopad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
2 0 over 64 words in the body. 

B.5.5 BlocK implementation 
B.5.5.1 Hsppk 

Typically, both the Splitting and packing is done in a 
single cycle. 

2 5 B.5.5. 1.1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat == 1) use format 0a; 
ELSE IF (run == 0) use format 0; 

3 0 ELSE use format 1 ; 

ELSE use format 0a; 
and format bit determined 
format 0 format bit =0; 
format 0a format bit = extension bit; 
3 5 format 1 format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 
B . 5 . 5 . 1 . 2 



Fackint 



The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 







Held Word 


Succeeding Word 


Packed Word 


i 




valid cycle 0 
valid cycle 1 


XXXJOCXXJOCXXX 

000000000000 


oooooooooooo 


XXXJCXXXX3CXXJCXXXX 


1 don't cutcut 1 




vaiid cycle 2 


miiiiinui | 


222222222222 | 


ooooooooooociii: 

1111111122222222 j 


output | 
output 


:Q 1 


valid cycle 3 


222222222222 | 


333333333333 } 


2222333333333333 


ouiout 



10 



15 



20 



Table B.5.3 Packing procedure 

Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid. 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 
the token itself it output. 
B.5.5.2 Imodel 
B5 + 5.2.1 imuD (UnpacJcer) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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Succeeding word 



Held Word 



vatio cycle 0 




j valid cycle t 



•»'tt.,,__ i ■■ I 



} valid cycie 2 



•12222:222 | 00CC0C0O00001H 1 



2222 3 3 3 3 3 3 3 33333 [ 1 iill i 1 i22222222 



urn:::;::: 



input 



2222222225:; | con(i.-; L ; 



U1H1U22222222 



333311 1 3 3 33 3 | inou 



Table B.S.4 Unpacking procedure 

Where x indicates undefined bits 

The valid cycle is maintained by a ring counter. The 

unpacked data contains the token's data, flush and 

PICTLRE_END decoded from it. Additionally, format and 

extension bit are decoded from the unpacked data 

formatbit_is_extn = (lastformat == i, 1X databody 

format = databody S& (formatbit && fastf ormatbig ) 

for token decoding and to be passed on to i.,, 

When a FLUSH (or P icture_end) token is " unpacked and 
output to „. x . adl data is deleted (val . d fQrced 

interface' 519031 ^ th * DRA * 

in accordance with the present invention, iBex is a four 
state machine to expand run/ level codes out. The s t^o 
machine is: 

-stateo; load run count from run code. 

state l: decrement run count, outputting zeros. 

state 2: input data and output levels; default state. 

state 3: illegal state. 

B.5.5.2.J rmoad fPADdpr) 

i«pad is informed of DATA Token headers by i me x . Next, it 
counts the number of coefficients in the body of the token 
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If the token ends before there are 64 coefficients, zer 
coefficients are inserted at the end of the .token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
DATA tokens with 64 or more coefficients are not affected 

by impact . 
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B.S.6 Registers 

The iaodei and hsppk of the present invention do not have 
microprocessor registers, with the exception of their 
snooper . 



Register Nam« 


Usage 


Address 


CED_H_SNP_2 


VAxxxxxx 


0x49 


CE0_H_SNP_1 


DDCDDDCO 


0x4 a 


CED_H_SNP_0 


ODDODDGD 


0x4b 


CEDJM_SNP_1 


VAExxDDD 


0x4a 


CED.IM.SNP.O 


DODDDCDO 


0x44 



Table B.5. 5 



Imodel & hsppk registers 
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Where V = valid bit; A = accept bit; E = extension bit; 
D = data bit. 

B.5 . 7 verification 

Selected streams run through Lsim simulations. 
B.5. 8 Testing 

Test coverage to the i.od.i at the input is through the 
Token buffer output snooper, and at the output through the 
i-odei's own snooper. Logic is covered the i-od.i's own scan 
chain. 

The output of the h. PP k is accessible through the huff man 
output snooper. The logic is visible through the huff man 

scan chain. 
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SECTION B.6 Buffer Start-up 

B.6.1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B.6.2 overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition. The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up" to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6. 3 Interfaces 

B«cnttoit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogi (Buffer Start-up Output Gate Logic) . 
Bsogl via a two-wire interface controls imup (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.6.4 Block Structure 

As shown in Figure 130, Bscntbi* lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, bsogl is informed. 
Data is unaffected by bscirtbit. 

Bsogl lies between bscntbit and imup (in the inverse 
modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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15 



by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at iaup ) , when another "indicator- is 
accepted by i«u P . If the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
5 target) the stream in imup is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in bsogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
10 queues respectively. 

B.6.5 Block Implementation 

B.6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (b.ctr) is a programmable 
counter of 16-24 bits width. Moreover, bsctr has carry look 
ahead circuitry to give it sufficient speed. Bsctr's width 
is programmed by ced_bs_prescale . It does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 
bits of bsctr are used for comparisons with the target 
(ced_bs_target) . 

The comparison (ced_bs_count >=ced_bs_target ) is done by 

bscmp . 

. The target is derived from the stream when the stream is 
25 in the Huffman Decoder and calculated by the 
microprocessor. It will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
30 place. When the comparison shows ced_bs_count >= 

ced_bs_target, target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
35 disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream * ends (i.e., a flush) is detected in 
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10 



15 



20 



25 



30 



35 



b,bltCBt ' an abs -^^h_event is generated. if the stream 
ends before the target is met, an additional event is also 
generated (bs_f lush_bef ore_target_met_event ) . when any of 
these events occur, the block is stalled. This allows the 
user to recommence the search for the next stream's target 
or in the case of a bs__f lush_bef ore_target_met_event event 
either: 

Dwrite a target of zero which will force a target met 
or ~ 

2) note that target was not met and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly. 
B. 6.5.2 BSOGL (buffer start-up output gate logic) 

As previously described, a.ogi is a queue of indicators 
that a stream has met its target. The queue type is set by 
ced_bs_queue (internal^, or externa 1 ( 1 )) . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
be in the coded data buffer, Huffman, and token buffer 
When this number is reached (i.e. the queue is full) bs „ 9l 
will force the datapath to stall at bsbitcnt. 

Using an internal queue requires no action from the 
microprocessor. However, if it is necessary to increase 
the depth of the queue, an external queue can be set (by 
setting ced_bs_access . to gain access to ced_bs_queue which 
should be set, t a rget_met_event and stream_end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 
microprocessor) is inserted into the internal queue. The 
external queue is. maintained by two events. 
target_met_event and stream_end_event . These can. simply be 
referred to as service_queue_input and servic e _queue_output 
respectively] and a register ced_bs_enable_nxt_stream. In 
effect, target_met_event is the up stream end of the 
internal queue supplying the queue. Similarly, 
ced_bs_enable_nxt_stream is the down stream end of the 
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internal queue consuming the queue simi , , 

stream _ end _ event is . request to s ; ppiy - the «iy. 

queue; str eam _end_event resets ced _ bs _ enable ^ ™ 
The two events should be serviced as follows: " " 

/* "AKG£T_MZT_r/iNT * / 

if (j == 0) /•is next stream enabled ?*/ 
C/'*no. enable it*/ 

.T.icro^ite(CrD_3S_£NABL£_MXT_STM. 1) ; 

princfr enable next stream (queue = Ox%x)\n-. C:n: S xc->^e : : 



} 



else /-yes. increment the queue of -target.me,- s.rea.sV 



queue** ; 



printf<- stream already enabled (queue = 0x%x)\n*; : : -- :sx: . 
>T-eue) ) ; 



/ " STRZAM_ EVENT * / 

if (queue > 0) /-are there any - targec.me ts - left? •/ 
(/•yes. decrement the queue and enable another stream •/ 
queue-- ; 

micro, write (CED_3S_ENABLE_nxt_stm. 1) ; 

princfC enable next scream (queue = 0x%x)\n-. {::r.:ex:->- e .. € 
> 

else 

Print* (• 6Jnpty caw _ ^ 

^ex,. stream (queue = * » v i \ - - 
queue) ; * X,X| x - 
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The queue type can be changed from internal to external 
at any time (by the means described above), but they can 
only be changed external to internal when the external 
queue is empty (from above "queue==o»), by setting 
ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met_event and stream_end_event masked, and 
access relinquished. 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. In this way, all streams will 
always be enabled. 
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6 Microprocessor registers 



| Register name 


Usage 


Address 


CEO_8S_ACCE5S 


XXXJOCXXD 


0x10 | 


CS0_3S_PRESCALE* 


xxxxxOOO 


0x11 


CED_ 8S .TARGET* 


DODDODDD 


0x12 | 


CED.BS.COUNT* 


OCDDDOOD 


0x13 j 


3S.FLUSH.EVENT 


rrrrrOrr 


0x02 


3S_FUUSH_MASK 


rrrrrOrr 


0x03 


BS,FLUSH_3ErORE_TARGET_ME 




0x02 . 


T_ EVENT 






aS_FLUSH_3EFOP.E_TARGeT.ME 


rrrrOrrr 


0x03 


T.MASK 







Table B.6.1 Bscntbit registers 



| Register name 




| Usage 


Address 


TARGET.MET.EVENT 






0x02 


"ARGET.MET.MASK 




rrrOrrrr 


0x03 


STREAM.ENO.EVENT 


rrOrrrrr 


0x02 


STR£AM_ENO_MASK 


1 




0x03 


Table B.6.2 


Bsogi registers 


Register name 


1 


Usage 


Address 


CED_5S_QUEUc* 


i 


XXXXXXXO 


Oxm 


CEO.BS.ENABLE.NXT.STM* 


1 


xxxxxxxD 


0xi5 



Tabled. 6.2 flsoglregtsters 
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where 

• D is a register bit 

• x is a non-existent register bit 

• r is a reserved register bit 

•to gain access to these registers ced_bs_access must be 
set to one and polled until it reads back one, unless in an 
interrupt service routine. Access is given up by setting 
ced_bs_access' to zero. 
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SECTION B.7 The DRAM Interface 

B*7.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
. chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface. This is illustrated in Figure 131, 
"DRAM Interface,". 
B.7.2 A Generic DRAM Interface 

Referring to Figure 131, the interfaces to the address 
10 generator 420 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
q sequence of addresses. The DRAM interface 421 treats the 

15 two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
W when it is ready to receive an address, it waits for the 

•ifj address generator to supply a valid address, processes that 

l=y address and then sets the accept line high for one clock 

^ 20 period. Thus, it implements a request/acknowledge 

\U (REQ/ACK) protocol. 

A unique feature of the DRAM Interface is its ability to 
H communicate with the address generator and the blocks which 

H provide or accept the data completely independent of the 

25 other. For example, the address generator may generate an 
address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 
30 taken until an address is supplied on the appropriate bus 
from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
35 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 
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properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 
5 Each DRAM Interface contains a method of determining 

which swing buffer it will service next. In general, this 
will be either a "round robin" , in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 

10 which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 

15 via the microprocessor interface* 
B.7.2.1 The Swing Buffers 

Figure 132 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in) . As 
2 0 each piece of data is accepted it is written into RAMI 

and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 

2 5 between two asynchronous clock regimes, and so passes 

through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 
30 that it is the turn of this swing buffer to be read, 

the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2), to indicate that RAMI is now ready to be filled 
35 again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 
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be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 
3 6) This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B.7.2.2 Addressing of External ORAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
10 memory bandwidth. Consequently, it is arranged so that 
each 3x3 block of data is stored in the same DRAM page. In 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. In addition, a facility is provided to 
Id allow the data bus to the external DRAM to be 8 , 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application. 

In this example (which is exactly how the DRAM Interface 
20 on the Spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM . The six bits of column 
address are supplied by the DRAM Interface itself, and 
these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
3 5 covered separately below. 

B-7.3 DRAM Interface Timing 

Jn the present invention, the DRAM Interface Timing block 
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uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
15 state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM . Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 
B.8.1 Introduction 

inn?' 5 , d ° CUment bribes the purpose, actions and 

xith the present invention. 
B.8. 2 Overview 

The inverse quantizer reconstructs coefficients from 
quantized coefficients, quantization weights and step 
sizes, all of wnicn are transmitted within ^ datastream 
B.8. 3 Interfaces 

The iq lies between the inverse modeler and the inverse 
DCT in the datapath and is connected to a microprocessor 
Datapath connections are via two-wire interfaces. input 
data is io bits wide, output is n bits wide. 
B.8. 4 Mathematics of Inverse Quantization 
B.8. 4.1 H2 61 Equations 

For blocks coded in intra mode: 



C. = 8Q ; ,• = o 
C ; = «'q_quant_scalfl{20 1 + /i>n(£? ( )J 
C. » C.-sign^C.) C » even 
C; » C ; c. = odd 
C. a 'ni'n(mai(C ; .-2048).2047) 



0 < ( < 64 



For all other coded blocks: 



C. * iq_quan(_$cal«[2C,*^n(0 t j] 
C : - C-ii>«(c) c - ev« n 



C. » odd 



0 s i < 64 



C f » m//i(mar(C..-2048)_2047) 



# % 

497 

B.8.4.2 JPEG Equations 



c ; * W i.jQi* 1024 = o 

c. = ™'»(m<i.r(c.-2048)2047) 

> = iPeg_tabf«_fndif ect i 0n(eJ 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



C i - Hf f -. / C ( .+ 1024 / = o 

^ - c;-x,>,(c;J c] -even ^J^ 4 
C f = C = odd I 

C ; = m/n (mar (C. .-2048)^047) 

. 1 024 i S added in to DC case „ account for predictors in huffman being reset ,o «ro. 
For all other coded blocks : 

. . T ® " ' 

- C.-ii gn (c t ) C ] 



tven 



C. = odd 



0 < t < 64 



C ( - = m/n(mar(C. .-2048)^2047) 

B.8.4.4 JPEG Variation Equations 



* . /2iq_quant_scal«w. n.\ 
C, - /7»c{ _ 1Q24 

V 16 J 0</< 

C } « m/n(maj(C ; . -2048)^047) 
y » fP«gLtabfe ^indirection (c) 



f = o 



64 
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B.8.4.5 All other tokens 

All tokens except DATA Tokens must pass through the iq 
unquant ized 
Where: 



(-1 a < o 
0 a = 0 
1 ii>0 

max{a,b) » (* a>b 

min(a t b) » {" aSb 
b a>b 

Floor(a) returns an integer such that: 

<ftoor{o) Sa a2 0 
a i floor (a) < (a * 1 ) a $Q 

Qj are the quantized coefficients. 
C ( are the reconstructed coefficients 
W,j are the values in the quantisation table matrices 
i is the coefficient index along the zig-zag 
j is the quantisation tabte matrix number (0 <= j <=3) 
B.8.4.S Multiple Standards combined 

It can be shown that all the above standards and their variations (also control data which 
must be unchanged by the iq) can be mapped on to single equation: 

OUTPUT . (2'NPUT + ir) fjvi 
16 

With the additional post inverse quantisation functions of : 
•Add 1024 

•Convert from sign magnitude to 2*s complement representation. 
•Round all even numbers to the nearest odd number towards zero. 
•Saturate result to +2047 or -2048. 

The variables K x and y for each variation of the standards and which functions they use is 
shown in Tabte B.8.1. 
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B.8.4.* Multiple standards combined 



Standard 


z 


y 


k 


Add 


Round 


Sat 


Convert 

1 


Weignt 


Scale 


1024 


Even 


Pest 


2'scci-d j 


H26t 


intra OC 


a 


8 


u 


No | No Yes 


Yes j 


intra 


16 


in niianf 


i 
i 


No | Yes 


Yes 


Yes j 


o tner 


16 


iq_quant_$cai« 


1 


No J Yes 


Yes 


Yes i 


JPEG 


CC 


w ;i 


a 


0 


Yes | No 


Yes 


Yes j 


other 


W.j 


8 


0 


No 


No 


Yes 


1 


M?£G 


mtraOC 


8 


8 


0 


Yes 


No 


Yes 


| 


intra 


w ;j 


ia_quant_scaie 


0 


No 


No 


Yes 


Yes j 


otfier 


W 1 


iq_quant_scale 


1 


NO 


Yes 


Yes | Yes I 


XXX 


CC 


W i 


iq_quant_scale 


0 


Yes 


No 


Yes Yes 


oner 


W i 


iq_quant_scale 


0 


No 


No | Yes | Yes 


Otner Tokens 


1 


8 


0 


No 


No 


No 


No 



Table B.8.1 Control decoding 



B.8.5 Block Structure 

From B.8.4.6 and Table B.8.1, it can be seen that a 
5 single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 
10 * Decoding of tokens to load status registers or 

quantization tables. 

Decoding of the status registers into control 
signals. 

Tokens are decoded in iqc« which controls the next cycle, 
15 i.e., iqeb's bank of registers. It also controls the access 
to the four quantization tables in igram. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqj*rith. The complete block diagram for the tq is shown in 
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Figure 134. 

B.a.t Block Implementation 
B. 8 • 6« 1 Iqca 

In the invention, iqca is a state machine used to decode 
5 tokens into control signals for igru and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_S CALE (see B.8.7.4, "QUANT_SCALE M ) 
10 and QUANT__TABLE (see B.8.7.6, " QUANT JTAB LE H ) are as 
follows: 



if - (tokeaheader QUANT.SCALE) 

( 

sprintf (preport. *QUANT_SCALE* ) 
reg_addr « ADDR_IQ_QUANT_SCALE; 
mocw m WRITE; 
enable * 1; 

> 



if (tokenheader «• QUANT_T ABLE J / *QUANT_TA3L£ ::<er. 
switch (subscate) 

{ 

case 0: /* quantisation table header */ 
sprint f (preport. *QUANT_TABLE_%s_sO • , 

(headerextn ? " ( full ) * : * (empty) M); 
-extsubstate • 1; 

ir.sertnext - (headerextn ? 0 : 1); 
reg_addr - ADDR_IQ_C0MPONEMT ; 
mocw - WRITE; 
enable ■ 1; 
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break; 

case 1= /• ^tisaticn cable body/ 

, . (ftui) . . . (empty) .; j; 

ntxtsubstate « i ; 
-eg_addr - USE_qth ; 

«ocw . (head.rexcn , . ^ _ 

enable » i ; 
break ; 
default: 

sprintf (preporc. -error in ■ 
substace) ; 



break; 

; 
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Where a substate is a state within a token, QUANT_SCALE 
has, for example, only one substate. However, the 
QUANT_TABLE has two, one being the header, the second the 

token body. 

The state machine is implemented as a PLA. Unrecognized 
tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqc , supplies addresses to igra. from 
Bodyword counter and inserts words into the stream, for 
example in an unextended QtJANT_TABLE (see B.8.7.4). This 
is achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (i qc b or iqarith) . 
g iqca is a single cycle in the datapath controlled by two- 

l u , 15 ■ wire interfaces. 

-1 B . 8 . 6 . 2 iqcb 

W in the invention, iqC b holds the iq status registers. 

M UndSr thS COntro1 of ^" ^ loads or unloads these from/to 

u the datapath. 

The status registers are decoded (see Table B.8.1) into 
control wires for i q ,ri th ; to control the XY multiplier terms 
and the post quantization functions.. 

The sign bit of. the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 
words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the i q . 

The status registers are accessible from the 
microprocessor only when the register iq_access has been 
set to one and reads back one. m this situation, iqC b has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
wire interfaces. 
B.8.6.3 Iqram 
• iqra» must hold up to four quantization table matrices 
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(QTM) , each 64*8 bits. It is, therefore, a 256*8 bits six 

transistor RAH, capable of one read or one write per cycle. 

The RAM is enclosed by two-wire interface logic receiving 

its control and write data from iqc*. It reads out data to 
5 iqarith. Similarly, igraa occupies the same cycle in the 

datapath as iqcb. 

The RAM may be read and written from the microprocessor 

when iq_access reads back one. The RAM is placed behind a 

keyhole register, iq_qtm_keyhole and addressed by 
10 iq_qtm_keyhole_addr . Accessing iq_qtm_keyhole will cause 

the address to which it points, held in iq_qtm_keyhole_addr 

to be incremented. Likewise, iq_qtm_keyhole_addr can be 

written to directly. 

B.8.6.4 iqarith 
15 Note, iqarith is three functions pipelined and split over 

three cycles. The functions are discussed below (see 

Figure 133 ) . 

B.8.6.4. 1 XY multiplier 

This is a 5(X) by 8(Y) bit carry save unsigned multiplier 
20 feeding on to the datapath multiplier. The multiplier and 
multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second. 

At the input to the multiplier, data from iqram can be 

2 5 muxed onto the datapath to read a QUANTJTABLE out onto the 

datapath . 

B.8.6.4. 2 (XY)» datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

3 0 Three partial products in the first cycle, seven in the 

second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
3 5 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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B. 8 . 6 . 4 . 3 Post quantization functiong 

The post quantization functions- are 
• Add 1024 

•Convert from sign magnitude to 2's complement 
representation. 

•Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048. 
Set output to zero (see B.8.6.2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second and third cycles). From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



| Function 


if dataoacn > 0 


if dataDain > 0 ! 


j Ccnven to 2"s csmoiemeni 


novung 


invert aad one 


flound all even numoers 


suotract one | 


aad one j 



Function 


- if daiaoatn > 0 


if ca:aca:n > o j 


Add 1024 


add 1024 


add 1024 j 



Table B.8.2 Post quantization adder function; 
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As will be appreciated by one of ordinary skill in the 
art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 
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inverse Quantizer. In most cases, the Token is unmodified 
by- the inverse Quantizer with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
B . 8 . 7 . 1 SEQUENCE_START 

This Token causes the registers "iq_predict ion 
mode[l:0] and iq_mpeg__indirection [ 1 : 0 ] to be reset to zero. 
B • 8 • 7 . 2 CODING_STANDARD 

This Token causes iq_standard [ 1 : 0 ] to be loaded with the 
appropriate value based upon the current standard (MPEG , 
JPEG or H.261) being decoded. 
B.8.7.3 PREDICT I ON_MODE 

This Token loads iq-predict ion_mode [ 1 : 0 ] . Although the 
PREDICTION_MODE Token carries more than two bits, the 
Inverse Quantizer only needs access to the two lowest order 
bits. These determine whether or not the block is intra 
coded . 

B • 8 . 7 . 4 QUANT_SCALE 

This Token loads iq_quant_scale [ 4 : 0 ) . 
2 0 B . 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_com P onent[l:0]. The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
30 undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. these are represented 
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in twelve bits in a twos complement format (eleven 
P us a sign bit) . The DATA Token at t 

the same number of Token Extension words as " t had at Z 
input of the Inverse Quantizer . had at the 

B . 8 . 7 . 6 QUANT_TABLE 

This Token may be used to load a new quantization table 
or to read- out an existing table. Typically, in the 
Invers.e Quantizer, the Token will be used to load a new 
table which has been decoded from the bit' stream. The 
action of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 

number that is to be used T h«. 

used. These are placed in 

lq component [ 1 : 0 1 . Note that <-k i - • ^ 

„ - L J ote tnat thls register now contains a 

table number" not a color component. 

If the extension bit of the Token Head is one, th- 
inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 
quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
inverse Quantizer, unmodified, in the normal way. 

If the extension bit of the Token Head is zero, then the 
Inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero). At the end of this operation, the Token will 
contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B . 8 . 7 . 7 JPEG_TA8LE_SELECT 

This token is used to load or unload translations of 
color components to table numbers to/from 
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iq_ipeg indirection. These tra n<= 1 ^ +- ^ . 

_ mese translations are used in JPEG 

and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 

5 in iq_component [1:0]. 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which are written into the 
iq_ipeg_indirectionf 2* iq_component [ 1 : 0 ] +1 : 2 *iq_component 
10 [1:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero). At the 
end of this operation, the Token will contain exactly one 
Token extension word. 



Colour component in rsac«*r 


bus o/ iq_'~e-£_:.-!C:rec:: : 




1 


(1:0! 




' 1 0:2 1 


1 


(5.4] 




1 


[7:6] 
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Table B.8.3 JPEG JTABLE_S ELECT action 
B.8.7.8 MPEG_TABLE_S ELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard . The Token Head contains two bits. Bit 
zero of the header determines which bit if 
iq_nipeg__indirection is written into. Bit one is written 
into that location. 

Since the iq__mpeg_indirection [ 1 : o ] register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 
transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
B.8.8. 1 iq_access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igram, 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
the datapath. 

B.8.8. 2 lq_coding_standard[i: 0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 




1 


JPEG j 


2 


MPEG j 


3 


XXX | 



15 



Table B.8.4 Coding standard values 

This register is loaded by the CODING_STANDAHD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the abo 
standards. * * 
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B.8.8.3 Iq_mpeg_indirection[l: oj 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 

tables are to be used. 

lq_mpeg_indirection(0] controls the table that is used 
for intra coded blocks. if it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. if it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MP EG_TABLE_S ELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B.8.8.4 I<?_ipeg_indirection[7 : 0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Sits (1 :01 hold the table number that will be used for component zero. 

•Sits (3:2; hold the table number that will be used for component one. 
•Bits (5:41 hold the table number that will be used for component two. 
•Sits [7:6; hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE_S ELECT Token. 
B.8.8.5 iq_quant_scale[4 . 0] 

This register holds the current value of the quantization 
20 scale factor. This register is loaded by the QUANT_S CALE 
Token. 

B.8.8.6 iq_component [ l : 0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix ( QTM) number. It is 
2 5 loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
30 reference to iq_ipeg_indirect ion [ 7 : o } . m other standards, 
iq_component[ 1 : 0] is ignored. 
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The JPEC_TABLE__SELECT Token causes this register be 
loaded with a color component. It is then used as an index 
into iq_ipeg_indirection(7:0} which is accessed by the 
tokens body. 

The QUANT_SCALE Token causes this register to be loaded 
with the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B.8.8.7 iq_prediction_mode[ l : 0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
15 coded. 

This register is loaded by the PREDlCTlON_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

Iq_prediction_modeCl:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
B.8.8.S Iq_ipeg_indirection[7 : 0] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table" B. 8. 3. 

This register location is written to directly by the 
JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE_S ELECT Token if the non-extended form of the 
30 Token is used. 

B.8.8.9 Iq_quant_table[3:0] [63:0] [7:0] 

There are four quantization tables, each with 6 4 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 

These registers are implemented as a RAM described in 
B.8.6.2, "Igram". 

These tables may be loaded using the QUANT_TABLE 
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Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i". 
B.8.9 Microprocessor Register Map 




Register 


Location 


Direction 


Reset State 


iq_access 


0x30 


FVW 


0 


iq_coding_$iandafOtt :0J 


0*31 


R/W 


0 


iq_quani_$cale(4:0| 


0x32 


FVW 


7 


iq_component( 1 :0) 


0x33 


FVW 


7 


i q_prediction_mocJe(l :0J 


0x34 


fWV 


0 


1 iq_jpegjndirect!0n[7:0} 


0x35 


FVW 


7 


iO_mpeg_indirection( 1 :0) 


0x36 


FVW 


0 


iq_Ctm_keynoi«_addr[7:0] 


0X38 


FVW 


0 


tq_qtmjceyftole{7:0) 


0x39 


FVW 


7 



Table B. 8.5 Memory Map 



• 



512 



B.8.10 Test 



Test coverage to the Inverse Quantizer at the input is 
through the inverse Modeler's output snooper, and at the 
output through the Inverse Quantizer's own snooper. Logic 
is. covered by the Inverse Quantizer's own scan chain. 

Access can be gained to igr« without reference to 
iq_access if the ramtest signal is asserted. 
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SECTION B.9 IDCT 

B-9.1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
engineering information for the. IDCT. it includes 

information" on the following. 

■ purpose and main features of the IDCT 
how it was designed and verified 

■ structure 

It is intended that the description should provide one of 
ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

•appreciation of the IDCT as a "sillicon macro 
function" 

15 • integration the IDCT onto another device 

•development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 

■ development of a forward DCT block 
B.9.2 Overview 

20 A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 

transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 
2 5 frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
30 as quantization. The quantization process reduces the 
information contained " in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
35 likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 
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compression, although run-length coding is generally not . 

lossy process. 

The Xdct bide* (which actually includes an Inverse 2ig . 
zag RAM or I 2Z , and an IDCT) takeg frequen<=y ^ ^ 

is sorted, and transforms it into spatial data. This 
inverse sorting process is the function, of IZZ 

The picture decompression system, of which the IDCT block 
forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values. 
However, since the IDCT function is not. integer based, the 
internal number . representation uses fractional parts to 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but. the implementation described herein uses 
fixed-point arithmetic. There is some loss of accuracy 
using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 
the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 
invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 30MH 2 under the 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
25 clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible . 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces, 
a 12-bit wide Token data input port 
a 9-bit wide Token data output port 
• a microprocessor interface port 
; a system services input port 
* a test interface 
" "synchronizing signals 

Both the Token data ports are the standard Two-wire 
Interface type previously described. The widths 
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illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port. 
In addition, associated with the input Token data port are 
the clock and reset signals used for resynchroni zat ion to 
the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 
since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.5 The Mathematical Basis for the Discrete Cosine 
3 0 Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
35 dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for napping onto hardware; the algorithm is not appropriate 
for software models. The one-dimensional' algorithm is 
applied successively to obtain a two-dimensional result 

The mathematical definition of the two-dimensional OCT 
for an N by N block of pixels is as follows: 



EQ 10. forward DCT 
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EQ 11. inverse DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
two K by N matrices. Mathematically the two-dimensional 
case is: 



Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Mote that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements. 

In the diagram illustrating the algorithm (Figure 136), 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtracters also has a symmetry, the adders and subtracters 
can be combined with relatively little cost (4 
adder/subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2. This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting* 

The algorithm shown was coded in double precision 
5 floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in C (no 
timing information was included) which could be used to 

10 verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

15 Figure 13 7 shows the overall IDCT Architecture in a way 

that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 

2 0 be calculated separately. 

B.9.7 The IDCT Transform Architecture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 
25 -significant re-use of the costly arithmetic 

operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 

3 0 coefficient store) 

small number of latches, no more than required for 
pipelining the architecture 

* operations are arranged so that only a single 
resolving operation is required per pipeline stage 

3 5 can arrange to generate results in natural order 

• no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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* advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

* architecture allows each stage to take 4 clock 

5 cycles, i.e., removes the requirement for very fast 

(large) arithmetic operations 

•architecture will support much faster operation than 
current 3 0MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
10 carry to larger/faster carry-lookahead versions. The 

resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
15 relatively small increase on the overall size of the 

transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining, 
•control of the transform data-flow is very 
straightforward and efficient 
2 0 The diagram of the ID Transform Micro-Architecture 

(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
25 "control shift-register" to the data-flow pipeline. This 
control is straightforward to design and . is efficient in 
silicon layout. 

The named control signals on Figure 141 ( latch, sel_byp 
etc.) are the various enable signals used to control the 
30 latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
35 The techniques used generally fall into two major classes. 
•Retention of maximum dynamic range, with a fixed 
word width, at each intermediate state by individual 
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control of the fixed-point position. 

Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 
Unfortunately, this approach results in much' larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
15 any particular intermediate value, achieving the maximum 
possible accuracy. 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
20 overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
25 it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.*.8 IDCT Block Diagram Description 

3 0 The block diagram of the IDCT shows all the blocks that 

are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 

3 5 in the diagram. 

B.9.8.1 DATA Error Checker 

The first block is the DATA error checker and corrector, 
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called "decheck" which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
5 DATA Tokens with a number of extensions not equal to 64. 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew_event, and "supernumerary" (>64 
extensions) , an idct_ too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 

10 also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 

15 extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B. 9.8.2 Inverse Zig-Zag 

The next block on the Spatial Decoder in Fig. 13 8 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 

20 produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 

25 Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 

30 ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 

3 5 order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.S.3 Input Formatter 

The next block in Figure 138 is the input formatter 442, 
• , ip_fmt• , , which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
5 Stream input and 2 2 -bit wide token Stream output. DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 22- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
10 other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B.9.8.4 1-Dimansional Transform - 1st Dimension 

The next block shown in Figure 138 is the first single 
dimension IDCT transform block 443, M oned w . This inputs and 

15 outputs 22-bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 

2 0 Transform. At the output of the first dimension, there are 
7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 

2 5 B.9.8.5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
30 in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 

3 5 The next block shown is another instance of a single 

dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 
B.9.S.7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, "ras" 
takes a 22-bit wide Token Stream containing DATA extensions 
xn 22-bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards + ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
B.9.9 Hardware Descriptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
15 that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core). in some blocks shown, the structure' is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
20 grouping together all the "datapath" logic and ^separate 
this from all the standard cell logic. in the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 
2 5 B.9.9. 2 "Decheck" - DATA Error Checking/Recovery 

The first block 44 0 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
35 serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the "front" type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
5 works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "0" when the count does 
not equal 63, an error signal is generated (which goes to 

10 the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 

15 number of extensions into the Token Stream (the value 
inserted is always "0"). Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not "0" on the 64th extension, a 
"supernumerary" error is generated, the DATA Token is 

20 completed by forcing the extension bit to "0", and all 
succeeding words with the extension bit set to "l" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 

25 (unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 

30 B.9.9.3 "I»a» and "tram" - Reordering RAM a 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 

3 5 a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 
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re-ordering are different, but a large section of the 
control logic f or each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM. The difference in width has 
5 no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 
10 a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 3 0 MHz throughout the system since output 
of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases. 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
25 complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 
30 The re-ordering operation is performed by generating a 

particular sequence of . read addresses { "sequence address 
generation") in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 
35 by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row i n Odd/Even format (i.e.. 
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1,3,5,7,0,2,4,6) rather ttian (0,1,2,3,4,5,6,7)) because of 
the requirements of . the IDCT transform 1-dimensional 
blocks . 

Transpose address sequence generation is quite 
straightforward algorithmically . Straight transpose 

sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 
state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algorithmically. Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address, 
this being addressed with row and column counters which can 
be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 
B.9.9.4 "oned" - single Dimension IDCT Transform 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 
both dimensions come after a RAM which provides a certain 
amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 
30 passed through unchanged. Note that the schematic is drawn 
in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 
automatic compiled code generation (this explains the 
control logic at the top level) . 

Tokens are parsed as normal and then DATA extensions, and 
other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
5 shift register to handle the remainder of the Token Stream. 

The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
10 datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline . 

The "oned" block has the requirement that it can only 

15 start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, "the 
operation of "izz" and the "tram" ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 

20 extension values. 

B . 9 . 9 . 4 . 1 Transform Datapath 

The micro-architecture of the transform datapath, M t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 

2 5 does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g. , pre-common, common and 
post-common) as can the arithmetic and latch resources 

30 required. The named control signals are the enables for 
the -pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

35 Within the transform datapath there are a number of latch 

stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. Some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows. 

■a number of fixed coefficient multipliers 

(carry-save output) 

• carry-save adders 

• carry-save subtracters 

• resolving adders 
•resolving adder / subtractors 

All arithmetic is performed in two's complement 
representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value). All numbers are resolved 
before storage and only one resolving operation is 
performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry. 
This means that the resolvers are quite small, but 
relatively slow. since the resolutions dominate the total 
time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras M - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
taking 22-bit fixed point numbers from the output of the 
second dimension "oned" and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/.N term) and to 
further divide-by-2 required to compensate for the v2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 ■ implies that the fixed point position is 
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interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction). The rounding mode implemented is 
"round to positive infinity, i.e., add one for fractions 
of exactly 0.5. This is primarily done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional increment of the integer part) is complete 
this result is inspected to see whether the 9-bit signed 
result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "Idctsela" - idct Register Select Decoder 

This block is a simple decoder which decodes the 4 
microprocessor interface address lines, and the »sel_test" 
input, into select lines for individual blocks test access 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
Table B.9.2. 
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Table B.9.1 idct Test Address space 

Repeated address 



4 



531 



B.9.9.7 "Id=treg S " - IDCT control Register and Events 

This block of the invention contains instances of the 
standard event logic blocks to handle the DATA deficient 

- IT, r^^"^ err ° rS «l-o a single memory mapped 

, bit "vscan" which can be used to make the -i„- re-ordering 
change such that the xoct output is vertically scanned 
This bit is reset to the value "o», i.e., the default raode 
is horizontally scanned output. The two possible events 
are OR-ed together to form an idctevent signal which can be 
10 used as an interrupt. See Section B.9.10 for the addresses 
and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two -standard" type ("clkgen", clock generators are used 
in the IDCT. This is done so that there can be two 
15 separate scan-paths. The clock generators are called 
"idctcga" and "idctcgb". Functionally, the only difference 
is that "idctcgb" does not need to generate the "notrstl" 
signal. The amounts of buffering for each of the clock and 
reset outputs in the two clock generators is individually 
10 tailored to the actual loads driven by each clock or reset 
The loads that are matched were actually measured from the 
gate and track capacitances of the final layout 

When the IDCT top-level Block Place and Route (BPR, was 
performed, advantage was taken of the capabilities of the 
= interactive global routing feature to increase the widths 
of tracks of the first sections of the clock distribution 
trees for the more heavily loa ded clocks ( P h0_b and phi b) 

since these tracks will rarrv ~ 

UI carry significant currents. 

B.9.9.9 JTAG Control BlocJcs 

Since the IDCT has two separate scan-chains, and two 

clock generators, there are two instances of the standard 
JTAG control block, "jspctle". These interface between the 
test port and the two scan-paths. 
B.9.10 Event and Control Registers 

• The IDCT can generate two events anri * 

events and has a single bit of 

control. The two events are idct_too_f ew_event and 
idct_too_many_event which can be generated by the "decheck" 
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block at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is »v SC an» whicn is ^ 
" " re <^"<* to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls the 

block. All the event logic and the 
control bxt are located in the block "idctregs" 

From the point of view of the IDCT, these registers are 
located xn the following locations. The tristate i /o wires 
n_derrd and n-serrd are used to read and write to these 
locations as appropriate. 



Addr. 
(hex) 


8ft 
num. 


Register Name 


0x0 


7..1 


"ot used ■ ^ 


0 | vscan — . 



Table B.9.2 idct Control Regist 



gister Address spaci 




e B.9.3 IDCT Event Addr.ess Spa 
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B.9.11 Implementation Issues 

B. 9. 11.1 Logic Design Approach 

In the design of all the IDCT blocks-, in accordance with 
the invention, there was an attempt to use a unified and 
5 simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
10 correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages, 
■conceptually simple 
15 • easy to design 

speed of operation is fairly obvious (cf. 
. latch->logic->latch>logic style design) and 
amenable to automatic analysis 
■glitches not a problem (cf. SR latches) 

using only system reset for initialization 
allows scan paths to work correctly 
•allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 
25 B.9.11. l.l two- wire interface latch^g 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

30 B. 9. 11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZ2 sequence generator at the 
output of the ROM. 

B.9.11. 1.3 Transform Data path and Control Shift-Register 

It is possible to implement every pipeline storage stage 
as a full master-slave device, but because of the amount of 
storage required* there is a significant savings to be had 
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by using latches. However, this scheme requires the user 
to consider several factors. 

•control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
need to use latches in this shift-register) 
•timing analysis complicated by use of latches 

the "t_postc" will no longer automatically, produce 
compiled code since one. latch outputs to another 
latch of the same phase (because of the timing of the 
enables this is not a problem for the circuit) 
Nonetheless, the area saved by the use of latches makes 
it worthwhile to accept these factors in the present 
invention. 

B. 9. 11. 1.4 Micropro cessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers, in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B. 9. 11. 1. 5 JTAG Teat Control 

2 0 These standard blocks make use of latches. 

B.9.11.2 Circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used- in the IDCT design (standard cells, 
datapath library, RAMs, ROMs , etc.) there is no requirement 
25 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice, were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 
30 close to the allowed maximum length. 

. Note that the IDCT .is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 
the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 
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B.9.11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs , ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, ''oned_d", is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. it is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there . is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this ' is the way that the 
datapath layout was performed. m each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly. 
35 B-9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initio work on the transform architecture was done 
in C both full-precision and bit-accurate integer models 
were developed. Various tests were performed on the bit - 
accurate model in order to prove the conformance to the 
H.261 accuracy specification and to measure the dynamic 

"T ° f the "leul.tion. within the transform 

- architecture. 

The design progressed in many cases by writing an M 
behavioral description of sub-blocks (for example, the 
control of datapaths and RAMs) . Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. In some cases (e g 
RAMs. clock generators) the behavioral descriptions were 
still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(i.e., zcells and kdplib, were mainly simulated using their 
behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 
transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and 
therefore, were intended to verify functional performance. 
The verification of the real timing behavior is done with 
other techniques. 

Lsim switch-level simulations (with RC_Timing mode being 
used, were done as a. partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 

circuits) . 

3 5 The main verification technique for checking timing 

problems was the use of the CPA tool, the "path" option for 
"datechk". This was used to identify the longer signal 
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paths (some were already known) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
5 behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

10 Compiled-code simulations can be readily accomplished by 

one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification . 

15 B.9.13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
20 follows: 

• microprocessor access to RAM cores 

- microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
25 block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
30 microprocessor access, it is possible to control the Token 
inputs to any block and' then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
35 block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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"decheck" block to the "ip_fmt w block and the latter from 

the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 

appropriate memory mapped locations in the normal manner. 
5 The same is true of the RAM cores (using the "ramtest" 

input as appropriate) . The scan paths are accessed through 

the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 

various test issues. 
10 B. 9. 13.1 "Decheck" 

This block has the standard structure (see Figure 13 9) 

where two latches for the input and output two-wire 

interfaces surround a processing block. As usual, no scan 

is provided to the two-wire latches since these simply pass 
15 on data whenever enabled and have no depth of logic to be 

tested. In this block, the "control" section consists of 

a 1-stage pipeline of zcells which are all on scanpath "a". 

The logic in the control section is relatively simple, the 

most complex path is probably in the generation of the DATA 
2 0 extension count where a 6-bit incrementer is used. 

B. 9. 13.2 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 

2 5 implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 

30 decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 



logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 
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B. 9.13.3 "lp_f«t M 

This block again has the standard structure. 
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of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple. 
B.9.13.4 "oned" 

Again, this block follows the standard structure and 
divides into random logic and datapath sections. The zcell 
logic is relatively straightforward/ all the zcells are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from, a long shift register 
consisting of zcell latches which are on the scanpath. 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e.g., 
multipliers and adders) . The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 
15 there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz" block. In this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algor ithmically . 
All the zcell control states are on datapath "b" . 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 
logic is fairly simple. All states are scanpath "b». 
B.9.13.7 Other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
features). The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
••idctregs" contains the microprocessor accessible event and 
35 control bits associated with the IDCT. 



20 



25 



30 



4 % 

540 

SECTION B. 10 Introduction 

B.10.1 Overview of the Temporal Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 14 2. 
5 All data flow between the blocks of the chip (and much of 

the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
14 2 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 

10 synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 451; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 

15 FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 454 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 455 (P and 
B frames) . During MPEG decoding, frame reordering data 

2 0 must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456. 

The Address Generator 452 generates separate addresses 
for forward and backward predictions, reorder, read and 

2 5 write-back, the data which is written back being split from 

the stream in the Write Rudder block 4 57. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458. 

All the major blocks in the Temporal Decoder are 
30 connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
4 59. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 

3 5 microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the IEE 1149.1 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface . while in 
test mode are included at strategic points in the pipeline 
architecture . 
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SECTION B.ll Clocking, Test and Related Issues 

B.ll.i Clock Regimes 

Before considering the individual functional blocks 
within the chip, it is helpful to have an appreciation of 
■ the clocK regi.es within the chip and the relationship 
between them. ^ 

During normal operation, most blocks of the chip run 
synchronously to the signal pllsyscl* from the phase- 
locked-loop (PLL) block . Tne exceptiQn tQ th . s . s ^ dram 

interface whose timing is governed by the need to be 
synchronous to the iftime sub-block, which generates the 
DRAM control signals (notwe, notoe, notcas, notras, . Tne 
core of this block is clocked by the two-phase non- 
overlappxng clocks clko and clkl, which are derived from 
the quadrature two-phase clocks supplied independently from 
the PLL ckiO, ckil and clkqO, ckql . 

Because the clkO, elk! dram interface clocks are 
asynchronous to the clocks in the rest of the chip 
measures have been t- = u~„ 

een taken to eliminate the possibility of 
metastable behavior (as far as practically possible) at the 
interfaces between the DRAM interface and the rest of the 
chip. The synchronization occurs in two areas: in the 

output interfaces of the ah^« 

, tne Address Generator 

(addrgen/predread/psgsync, addrgen/ip wrt 2 /syncl8 and 
.ddrg.r*'ip_rd2/.y„cia> and in the blocks which control the 
swinging" of the swing-buffer RAMs i n the DRAM Interface 
(see section on the DRAM Interface). In eacn case/ the 
synchronization process is achieved by means of three 
metastable-hard- flip-flops in series. it should be noted 
that this means that clko/clkl are used in the output 
stages of the Address Generator. 

In addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
which generate two-phase non-overla Pping clocks (ph0< 
from pllsysclk. The Address Generator, Prediction Filters 
and DRAM Interface each have their own clock generators; 
the remainder of the chip is run off a common clock 
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generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 
different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.11.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 
front of the Address Generator, where the ^synchronization 
is performed in the Token Decode block. 
B.ii.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 
scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tpho, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 
paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 
30 During normal operation, the master clocks can be derived 

in a number of dif f erent. ways . Table B. 11. l indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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pllselect 


override 


Mode 


0 


0 


pllsysclk is connected directly to external syscik. 
bypassing the PLL: ORAM Interface docks (ckiO. ckil. 
ckqO, Ckq1) are comrotled directly from the oins it and :q. 


0 


l 


Override mode - phO and phi Cocks are controlled | 

i 

directly from pins tphoish and tphiish; DRAM ir.:erf2cs 
clocks (ckiO, ckjl, ckqO. ckql) are controlled dtrecrly 
from the pins tt and tq. ! 


t 


0 


Normal operation, pllsysclk is a*.e c:ock generated 2y vie i 
PLL; DRAM Interface clocks are qereraied by the ?LL. 


l 


1 


External resistors connected to ti ana tq are used >r.s:ea= 1 
of the internal resistors (debug oriy). ; 



Table B.X1.1 Clock Control Modes 



B.1X.3 Th« Two-wire Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
5 the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
10 two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 14 3. 
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Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
5 many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 

10 interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in — valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out__valid and out_accept are gated. Data and 

15 valid signals then propagate when the corresponding accept 
signal is high. By ORing in_valid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 

20 a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 143, 
in_accept and out__ valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 

25 master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.11.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 

30 Interface. There are two types of snooper blocks. 
Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain, 
circuitry which synchronizes the asynchronous data from the 

35 Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 
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Location 


i 

Type 1 

i 


j acc;5ervvec_;ioe/"snoopz3 1 


| Snoooer j 


! addrgervcr.i_;ipe/midsno 


| Snooper ! 


aadngervcnt_pipc/*nesno 


Snooper j 


addrgervprecreao/snoopz^ 


Snoooer ! 


acdrgervip.wrE/supea i 0 


Super Snooper 


adargen/ip_-'c2/suoeri 1 0 


Super Snoooer 



Table B.11.2 Snoopers in Temporal Decoder. 



Location 


Type 


t 


dramx/oramif/ifsnooos'snooozt 5 (fsnp) 


j Snooper 


l 


j or amx/dramiMfsnoopVsnoooz 1 5 (bsnp) 


j Snooper 


! 


dramx/ora/ntM f snoop Vsu per Z9 


Super Snooper 


i 


wrudder/superz9 


Super Snoocer j 


pntVfwcflVdrmftuff/snoopK 1 3 


Snooper | 


pfllsrtswant.dimouff/snoopN 1 3 


Snooper ' 


0flts/snoooz9 


Snoooer 



Table B.11.2 Snoopers in Temporal Decoder 



Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document. 
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SECTION B.12 Functional Blocks 

B.12.1 Top Fork 

The Top Fork, in accordance with the present invention, 
serves two different functions. First, it forks the data 
stream into two separate streams.: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. if the chip is in a 
15 stopped state, the valids to both branches are held low. 

The chip powers up in a state where in^accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
f ol lows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 

25 been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the . FLUSH Token reaches the Read 
Rudder. This causes the signal seq__done to go 
high . 

3) When seq_done goes high, set an event bit which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block. 

B.12.2 Address Generator 

In the present invention, the address generator (addrgen) 
is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from the token input port (via topfork, 
and its output to the DRAM interface consists of addresses 
and other information, controlled by a request/acknowledge 

protocol. 

5 The principal sections of the address generator are: 

• token decode 

■ block counting and generation of the DRAM block 
address 

-conversion of motion vector data into an address 
10 offset 

■ request and address generator for prediction 
transfers 

* reorder read address generator 
write address generator 
15 B. 12.2.1 ToJcen Decode (tokdec) 

In the Token Decoder, tokens associated with coding 
standards, frame and block information and motion vectors 
are decoded. The information extracted from the stream is 
stored in a set of registers which may also be accessed via 
the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation. Nothing happens when running J PEG . 
List of token's decoded: 

• COD I NG_STANDARD 

2 5 * * DATA 

• D EF I NE_MAX_S AMPLI NG 

• DEF I NE_SAMPLI NG 
• HORI ZONTAL_MBS 

• MVD^BACKWARDS 

3 0 ' MVD_FORWARDS 

■ PICTURE_START 

• PICTURE_TVPE 

■ PREDICTI0N_MODE 

This block also combines information from the request 
generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 
a new frame appears at the input (in the form of a 
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PICTURE_START token), but the writeback or reorder read 
associated with the previous frame is incomplete. 
B.12.2.2 Macroblock Counter (mblkentr ) 

The macroblock counter of the present invention consists 
of four basic counters which point to the horizontal and 
vertical position of the macroblock in the frame and to the 
horizontal and vertical position of the block within the 
macroblock. At the beginning Qf ^ 

10 ZZTVT' 311 counters are reset to »•«'• - — 

10 Token headers arrive, the counters increment and reset 
according to the color component number in the token header 
and the frame structure. This frame structure is described 
by the sampling registers in the token decoder. 

For a given color component, the counting proceeds as 
lo follows. The horizontal block count is incremented on each 
new DATA Token of the same component until it reaches the 
width of the macroblock, and then it resets. The vertical 
block count is incremented by this reset until it reaches 

20 T ° £ ^ maCr ° bloc *' and then it resets. when 

this happens, the next color component is expected. Hence 
this sequence is repeated for each of the components in the 
macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If. for any component, fewer blocks are received than are 
expected, the count will still proceed to the next 
component without error. 

When the color component of the DATA Token is less than 
the expected value, the horizontal macxoblocj, count is 
incremented. (Note that this will also occur when more 
than the expected number of blocks appear for a given color 
component, as the counters will then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 

There is a further ability to count macroblocks in H.251 
CIF format. in this case, there is an extra level 
hierarchy between macroblocks and the picture called the 
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group of blocks. This is eleven macroblocks vide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the CIF bit from the PICTURE_TYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above. 

B.12.2.3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
10 within-macroblock coordinates into coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

15 B.12.2.4 Bast block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 

2 0 number of blocks down times the width of the picture plus 

the number of blocks long. This is added to the color 
component offset to form the base block address. 
B.12.2.5 Vector Offset (vec_pip«) 

The motion vector information presented by the token 
25 decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 

3 0 these coordinates may be positive or negative. They are 

first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 14 5, the shaded area represents the block that 
3 5 is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 
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10 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset 

^ p ;; u ; on of the or igin witnin tnat 

DRAW block. as the DRAM block is 8x8 bytes, the pixel 
offset looks to be (7,2).. 

The multiplier array vmarria then converts the block 
vector offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_info) . 
B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3). if the pixel offset is zero 
only one request is generated. If there is an offset in 
15 either the x OR y dimension, then two requests are 
generated ^ the original block address and the one either 
immediately to the right or immediately below. with an 
offset in both x and y, four requests are generated. 

Synchronization between the chip clock regime and the 
DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 
(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 
25 chain. 

B.12.2.7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 
as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/write data interacts 
with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B. 12.2 .8 Offsets 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
5 must be programmed via the upi. 
B.12.2.9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

•Between blkcalc and bsblkadr - this interface comprises 
10 the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component), 

•After bablkadr - the base block address. 
After vec _pipe - the linear block offset, the 
15 pixel offset within the block, together with 

information on the prediction mode, color component 
and H.261 operation. 

After Inblkad3 - the physical block address, as 
described under "Prediction Requests". 
2 0 Super snoopers are located in the reorder read and write 

request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12.2.10 Scan 

The addrgen block has its own scan chain, the clocking of 

2 5 which is controlled by the block's own clock generator 

(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 "Prediction Filters 

30 The overall structure of the Prediction Filters, in 

accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 

3 5 input of the backward filter should be permanently low 

because H.261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages. 
B. 12.3.1 a Prediction Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
5 its input. It can be seen from Figure 14 7 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
10 first. 

B. 12. 3. 1.1 H.261 Operation 

The one-dimensional filter equation used is as follows: 

jr.^, +2j:. + x. 
^ 4 '^ (I^S) 

F. = x i {otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 

15 Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 

20 reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 

25 Thus, all values are multiplied by 4 (more of this later) . 
For all other pixels, x^, is loaded into register C, X; into 
register B and x^., into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 



554 

horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
5 logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12.4.2) after both 
horizontal and vertical filtering has been performed, so 

10 that arithmetic accuracy is not lost/ Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 

15 presented to the x-f ilter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

20 Between the x and y filters, the Dimension Buffer buffers 

data so that groups of three vertical pixels are presented 
to the y-f ilter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 

2 5 the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 




Table B.12.1: H.261 Dimension Buffer Sequence 

Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks.) 

f(x) indicates the function in H.261 filter 
equation. 
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B. 12.3. 1.2 MPEQ OPtrition 

During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

f. = (0</ <8,halfpW) 

F. = j: ( .(0^( <7.integerp tf /) 



This is the default filter operation unless the h2 61_on 
5 input is low. If the signal dim into a 1-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h261_ on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
10 a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12.2. 
Referring to Figure 148, "1-D Prediction Filter,", the 



h261_on 


xdim 


ydlm 


Func'JOn 


0 
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! o . . | - 


MPEG 9x9 block I 


i ' 
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Table B.12.2 l-D Filter Operation 
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operation of the i-d filter is the same for MPEG inter pei 
as it is for the first and last pixels in a row in H.261 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by i 
(the output of register B is always shifted left by i 
anyway). Thus, after a couple of clocks register F 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 
y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 
15 one row. it is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because .the filtering operation converts 9-pixel rows 
into 8-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation, 
the x-filter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-f ilter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 
out of the FIFO. This minimizes the worst-case throughput 
of the chip which occurs when 9x9 blocks are being 
filtered. 

B.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 



earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_ist_byte and/or bwd_ist_byte 
signals are active, indicating the last byte of the current 
prediction block. If the current block is a forward 
prediction then only f wd_lst_byte' is examined. if it. is a 
backward prediction then only bwd_lst_byte is examined. If 
it is a bidirectional prediction, then both fwd_ist_byte 
and bwd_lst_byte are examined. 

The signals fwd_on and bwd_on determine which prediction 
values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 
15 active. 

Two criteria are used, to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 
2 0 buses fwd_p_num[l:0] and bwd_p_num [ l : 0 ] . These buses 
contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
25 prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 
predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
f wd__ima_twin is high, then the block stalls until 
35 valid backward data arrives with bwd_ima_twin 

set and then it goes through the blocks averaging 
each pair of prediction values. 
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2) If valid backward data is present and 
bwd_ima_twin is high, then the block stalls until 
valid forward data arrives with fwd_ima_twin set 
and then it proceeds as above. If forward and 
backward data are valid together/ there is no 
stall. 

3) If valid forward data is present,. but 
fwd_ima_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 
previous prediction plus one (stored in 
,ored_num) then the prediction mode is set to 
forward. 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that "early_valid" signals from one stage back in 
the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
25 the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_lst_byte and/or bwd_lst_byte are valid. 
This saves, about 25 three-bit pipeline stages in 

30 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
3 5 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 
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B.12.4 Prediction Adder and FIFO 

The prediction adder (padder) 'forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING__STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
intra-coded data, including JPEG. 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. In 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 
25 of the DATA Token, the remainder of the token continues to 
the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

3 0 There is no snooper in either the FIFO or the prediction 

adder, as the chip can be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12.5 Write and Read Rudders 

35 B. 12. s.i The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 
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data blocks in I or P pictures in MPEG, and all data blocks 
in H.261 to the DRAM interface so that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write Rudder decodes the following tokens: 



Token Nam* 


Function in Write Rudder 


CODING.STANDARD 


Wnte-back is inhibited for JPEG streams. 


PICTURE.TYPE 


Write- back onfy occurs In 1 and P frames, not 3 frames. 


DATA 


Onfy the data within DATA tokens is wrinen back. 



B.12.3 Tokens Decoded by the Write Rudder 
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After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 
point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) 
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B.12.5.2 Th« Kud Rudder (rniddtr) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1, 
"Top Fork") . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



j Token Name 


Puncbon m Read Rudder t 


J FLUSH 


Signals lo Top For*. i 


| CODING_STANDARD ' 


Reordering is inhibited if the coding standard is not MPEG. f 


! SEQUENCE.START 


The read-back data (or the first oicture of a reordered secuerce >s ;.-.vand. 


! PICTURE.START 


Signals that '.he current cutout FIFO must be swacced fj or P ;:c:.res). 
The first of the ccture header tokens. 


PICTURE_END 


All tokens above the picture layer are aJlowed tnroucn 


TEMPORTAL.REFERENCE 


The second of the picture header tokens. 


PICTURE_TYPE 


The third of the ;icture header tokens. 


DATA 


When reordering, the contents ol DATA icker.s are r&czze-z 
recrdered data. 



Table B.12.4 Tokens dtcoded by the Read Rudder 



The reorder function is turned on via the Microprocessor 
Interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works, 
consider the input and output control logic separately] 
bearing in mind that the sequence of tokens is as follows! 
CODING_STANDARD 
SEQUENCE_START 
PICTURE_START 
TEMPORAL_REFERENCE 
PICTUREJTYPE 

Picture containing DATA Tokens and other tokens 
PICTURE_END 

PI CTURE_START 

B. 12. 5. 2.1 I nput Control Loq ig 

From the power-up, all tokens pass into FIFO l (called 
the current input FIFO) until the first PICTUREJTYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTURE_TYPE for an I or P picture is 
encountered and FIFO 1 becomes the current input FIFO 
again. Within I and P pictures, all tokens between 
PICTUREJTYPE and PICTURE_END, except DATA Tokens, are 

discarded. This is to prevent motion vectors, etc. from 

being associated with the wrong pictures in the reordered 

stream, where they would have no meaning. 

•A three-bit code is put into the FIFO , along with the 

token stream, to indicate the presence of certain token 

headers. This saves having to perform token decoding on 

the output of the FIFOs. 

B. 12. 5. 2. 2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 

(called the current output FIFO) until a picture start code 
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is encountered, after which FIFO 2 becomes the current 
output FIFO. Referring back to Section B. 12. 5. 2.1 it can 

p! ""I ^ " thiS Stage the th " e Pictur. header'tokens, 
PICTDRE_START, TEMPORAL_REFERENCE and PICTURE START are 
5 retained in FIFO i. The current output FIFO "is swapped 
every ti». a picture start code is" encountered in an I or 
P frame. Accordingly, the three picture header tokens are 
stored until .the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 
10 pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 
15 from the DRAM Interface. During the first picture 
"reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
interface to fetch it. This is considered garbage and is 
discarded . 
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SECTION B.13 The DRAM Interface 
B-13.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. m all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chi 
empties or fills the other ram. a separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM . 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 
other two to read forward and backward prediction data. In 
the Video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 
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from the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) . 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document, 
5 The following section describes the features peculiar to 
the Temporal Decoder. 

B.13.2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13.1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 

10 Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 

15 motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 

2 0 formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

2 5 In the address generator, the frame pointer, base block 

address and vector offset are added to form the address of 
the block to be fetched from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 

3 0 are generated - the original block address and the one 

either immediately to the right or immediately below. With 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
3 5 and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 




Consider a pixel offset of (l, l) , as illustrated by the 
shaded area in Fig. 152 and Fig. 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
5 sequence of row addresses quickly. The solution is to use 
"start/stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 

10 DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs . 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 

15 reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 

20 reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

57, 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 

25 (0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 

3 0 so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

3 5 Consider block A. At the start of reading, the swing 

buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. j„ this case 
while the DRAM Interface is reading address 9 in the 
external DRAM , tne swing buffer . g ^ ^ 

buffer address register is then incremented as the external 
DRAM address register is incremented, as illustrated in 
Table B . 1 3 . 1 : 

Table B.13.1 Illustration of Prediction Addressing 




The discussion thus far has centered on an 8 bit DRAM 
interface. m the case of a 16 or 32 bit interface, a few 
10 minor modifications must be made. First, the pixel offset 
vector must be "clipped- so that it points to a 16 or 32 
bit boundary. m the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
_ addresses o through 3 will be read. Next, the unwanted 
1= data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
Physically bigger than was necessary in the 8 bit case) and 
reading with an offset. Mhen performing MPEG half -pel 
interpolation, 9 bytes in x and/or y must be read from the 

20 DRAM Interface. In this case the 

e> V ne address generator 

provides the appropriate start and stop addresses and some 
additional logic in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates. 

The final point to note about the Temporal Decoder DRAM 
interface is that additional information must be provided 
5 to the prediction filters to indicate what processing is 
■ required on the data. This consists of the following: 

•a "last byte" signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

•an H. 261 flag 
10 a bidirectional prediction flag 

•two bits to indicate the block's dimensions (8 or 9 

bytes in x and y) 

•a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 
15 out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 
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SECTION B.14 UPI Documentation 
B.14.1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are: 
UPI 

UPI101 
UPI 10-2 
DINLOGIC 
15 DINCELL 
UPIN 
TDET 

NONOVRLP 
WRTGEN 
2 0 READGEN 
VREFCKT 

The circuits UPI, UPI101, UPH02 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
25 address input. 

Input/Output Signals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
30 these signals: 

- NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 

E21nputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt) . 

RNOTWlnputRead not Write signal from the Pad Input 
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Driver (Schmitt) . 

ADDRlNC7: 0 ]InputAddress bus signals from the Pad 
Input Drivers (Schmitt). 

NOTDIN[7:0]Inputlnput data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT__RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map). 
INT_ADDR[7:0]OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map) . 

INTDBUS[7:0)Input/OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRlTE_STROutput An is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 
2 5 General common* « . 

The UPI schematic consists of 6 smaller modules: 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN, WRTGEN . It 
should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
30 interface other than the microprocessor bus timing signals 
which are asynchronous . to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
3o external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 
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The other implication of not having a clock in the UPI is 
that, some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block. 

5 The overall function of the UPI is to take the address, 

data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RNOTW_lNT_ADDR( . . . ] , 

10 INTDBUS'[ . . ■ ] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. It should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 

15 that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits. 

Also, the presence of the INT_RNOTW and the READ_STR, 

20 WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INT_RN0TW) or to use the INT_RN0TW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

2 5 The internal databus is precharged High during a read 

cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 

30 translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 
Circuit Details : 

35 (SPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 
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change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
generates the signals: 

TRAN- which indicates a transition on one of the 
input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 

CHIP_EN- which indicates that the chip has been selected. 
TDET - 

This is the single bit change detect circuit. It 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 

15 by the signal UPDATE. These two non-overlapping . signals 
come from the module NONOVRLP . The general operation is 
such that an input transition causes a CHANGE which, in 
turn, causes a SAMPLE. All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 

2 0 goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPD_DONE. 

NONOVRLP- 

This circuit is basically a non-overlapping clock 

2 5 generator which inputs TRAN and generates SAMPLE and 

UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed . 
DINLOGIC- 

30 This module consists of eight instances of the data input 

circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

3 5 DINCELL- 

This circuit consists of the data input latch and a 
tristate driver *t*o drive the internal databus. Data from 
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the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pullup are also included in this 
module. 
WRTGEN- 

This module generates the WRITE_STR , and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. . This is 
15 because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 
READGEN- 

This circuit, as its name suggests, generates the 
20 READ_STR and it also generates the PREGH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
25 the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
3 0 precharged before a READ_STR begins. In order to stop a 
PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

35 The VREFCKT is the only circuit which controls the self 

timing of the interface. Both the delays, 1/Width of 
write_STR and 2/Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor is 
controlied by a signal VREF and ' this voltage is set by a 
diffusion resistor of 25K ohm. 



SECTION C.l Overview 

c.l.l. introduction 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155. There are 
5 two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 

10 and a final control block which regulates the output of the 
processing pipeline. 
C.1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 

15 manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 

2 0 buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 

2 5 buffer manager for a new display buffer index. If there is 

a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 
30 displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 

3 5 (presentation number) given the encoding frame rate. The 

expected number is determined by counting picture clock 
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pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g. , 2-3 pull-down) . 

External DRAM is used for the buffers, which can be 
5 either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
c.l.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
10 Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 
15 in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 
20 The arrival buffer index provided by the buffer manager 

is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 
2 5 C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 
30 index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
35 synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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of the three components that are compatible with the page 
structure of the DRAM . The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 
15 three 8-bit buses, multiplexing as necessary. 
C.1.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter. First, there is a 
system clock, which provides timing for the front end of 
20 the chip (address generators and buffer manager, plus the 
front end of the DRAM interface). Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline). 
Each of the two aforementioned clocks drives a number of 
25 on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock ( D* ) 
with the write address generator using a similar, but 
separate clock (W*) . Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out*). D* , 
w* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 
"bushy_ne" (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE* . The 
section of the pipeline from the gamma RAMs onward is 
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clocked on a separate, but similar, clock (R*>. bifR*, ne* 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
depends on the timing regimes and the type- of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management- 
C.2.1. Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
c.2. 2 Functional Overview 
15 a three-buffer system allows the presentation rate and 

the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
20 some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". in a two- 
buffer system, the three timing regimes must be locked - it 
25 is. the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
30 full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
35 is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a PICTURE_START token 
is detected at the input. This buffer is then flagged as 
IN_USE. On PICTURE_END, the arrival buffer will be de- 
allocated (reset to zero) and the' buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. if 
there is a buffer flagged as READY, then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated. 

Each time the presentation number changes, it is detected 
and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the RfcADY-ness of any 
buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY . This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL_REFERENCE tokens in H.261 cause a buffer's 
picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 
buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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C.2.3 Architecture 

C.2.3. l Interfaces 

C. 2 . 3 . l . l . Interface to bm front 

All data is input to the buffer manager from the input 
5 FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
10 buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3 ,1.2 Interface to waddraen 

Tokens (8 bit data, l bit extension) are transferred to 
the write address generator via a two-wire interface. The 
15 arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE_START 
token arrives at waddrgen. 
C.2.3 ,1.3 Interface to dispaddr 
20 The interface to the read address generator comprises two 

separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 
25 The sequence of events normally associated with the 

dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
30 state machine, it will accept the request and . go about 
allocating a buffer to be displayed. Thereafter, the. 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
35 associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C.2.3.1.4 Mi croprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
C. 2. 3. 1.5 Events 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements. 
2 0 C . 2 . 3 . 1 . 6 Picture Clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or ■ taken from an external source 
(normally the display system). The buffer manager accepts 
25 both of these signals and selects one based on the value of 
pclk_ext (a bit in the buffer manager's control register). 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
30 from the chip. 

C.2,3.2. Major BXocJcs 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C. 2.3.2.1 Input/Output block (bm input) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_va lid/accept and disp__va 1 id/accept ) . 
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general pointer to a buffer. This register 

incremented (■„. input to mux) to cycle through ^ 
examining their status< or whicn gets assigned the 
one of arr_buf, disp_buf or rdy _ buf when th- status needs 
changing. AH of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space. oid_ix is just a re-timed version of buf ix 
and is used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 
decoded into three signals (ea ch can hold the value 1 to 3) 
which are output from this block. Other outputs indicate 
whether buf_ix has the same value as either arr_buf or 
disp_buf, and whether either of rdy_buf and dis P _buf have 
the value zero. Zero is not a reference to a buffer It 
merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 
determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A »l» in the control 
register indicates a three-buffer system, and a "0" 
indicates a two-buffer system. 
25 . C.2.3.2. 3 Buf far Status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 
a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . one 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level). Buffer status, which is decoded at the 
bmlogic level, for use in the state machine logic can take 
ar >y of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value 



incremented by one (or one plus 



5 



delta, the difference between actual and expected temporal 

H l7 n Tl- in ^ ^ ° f H - 261) - ThiS ValUS is "PPli- 
by the a-bit adder present in the bloc*. The first input 

to this adder is this_pnum, the picture number of the data 



currently being written. 



Suffer Status 


Vaiue 


EMPTY 


00 


FULL 


01 


READY 


. 10 


IN.USE 





10 



Table C.2.1 Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 
registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date). 
This_pnum is reset to -1 so that when the first picture 
arrives it is added to the output from the adder and, 
hence. the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 
20 C.2.3.2 .4 Presentation mii»h. f 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 
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was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
5 block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 

10 the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 

15 to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result. 

2 0 C.2.3.2.S Temporal RtfTenct 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

25 The function of this block is to calculate delta, the 

difference between the temporal reference value received in 
a token in an H,26l data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 

30 tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 

35 indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -l, and is incremented by either 1 or 
delta during the sequence of temporal reference states. In 
addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
controlled by the signal delta_calc. 
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C - 2 3 - 2 ^ Control Register* f » m U req a> 

Control registers for the buffer manager reside in the 
block bm_ureg S . These are the access bit register, setup 
register (defining the maximum number of external buffers 
and internal/external picture clock), and the target index 
register. The access bit is synchronized as expected. The 
signals sto P d_0, stopd_l and nsto P d_l are derived form the 
OR of the access bit and the two event stop bits. Upi 
address decoding for all of bmlogic is done by the block 
bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 

C.2.3.2.7 Controll ing State Maehina 

The state machine logic originally occupied its own 
block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic. 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 
the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bm_index. 

Signals in the state machine hardware have been given 
simple alphabetic names for ease of typing and reference. 
They are all listed in Table c.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M . description of bmlogic 
30 (bmlogic. M) . 
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j Signal .Name 


Logic Eioressicn 


1 ^ 




1 * 


ST - PR = ^t. D resf1g.{bstate==rULL).f5ytst.(rdy 3= 0).v-:r: 3 .-a Z ) | 


1 c 


| ST_PResI.presM5.;bsta[e=*FUU).rdyts(.(.-dy!=0) 


0 


ST - PRE5).pres.'lg.:{{i:s:ate=»FutL).fdytst).(i x «maj t ) \ 


ST_?ReSl.cfesfig.!((bsiate=»FULL).rd'yTst).(ii!-maxi 


F 


J ST_PR£Sl.3resflg . 


1 a 


| ST_ORQ.drq_valid.iiso_acc.(rdys=0).(diso!*0) \ 


| pp 


| ST_ORQ.dfq_valid.disp_acc.{fdy*aO).(drso!=0).;forrcs j 


QQ 


| ST.ORQ.drq_val.d.diso_acc.(fdy»aO).(diso!=.0).from« i 


RR 


| ST_ORO.drq_vaW.diso.acc.(rdy.»0).(aiso!.0).!(ffOfrosWfs m fl) j 


H 


| ST_ORO.drQ_valid.disD_acc.(rdy!-0).(diso!-0) i 


1 ST - DR Q-a r Q_ v aiid.-isD.acc.(rdy!=0).(dio==0) 


J 


| ST_ORQ.drq_vaiid.dsp_acc.(rdy»aO).(disos 3 0).fforr = s 


NN 


j ST.ORQ.drq_valid.disp.acc.(rdy=0).(di50s»0).frorr.'! 


OO 


ST_ORQ.dfa.valid.diso_acc.(rdy«*0).(diso= 3 0).!(fr = rT: : s*.'rcm(1) 


K 


ST.ORQ.f(d.-q_valrd.diso.aa:)./romDs ; 


i <-L 


| ST.ORQ.!(fif(L.vaiid.eiso_acc).rfomn : 


MM 


| ST_DRQ.!(drq_vaiid.ciso_acc).!{fromos*rromfl) ; 


1 L 


ST_TOKEN.rvr.oar.{idr==«TEMPORAL_REFERENCE) 




ST - TOKE,V.ivr.oar.(.df«TEMPORAL_REFERENCE).M2Si 


TT | ST.TOKEN.rvr.oaMidr^TEMPORAL.REFERENCEi.^Si 


M | 


ST_T0KEN.tvr.3af.(:draaFLUSH) 


r- N 1 


ST.TCKSN.ivr.oar.:idf*aPICTU REDSTART) 


O 


ST_TCKEN.(vroa/.{idr*=P!CTURE — END) "l 


P 


ST_TOKEN.h/r.oaf.(idf«<OTHER_TOKEN>) ; 


- 1 


ST - TOKEN.ivf,oaf.(ier 3 a<OTHER - TOKEN>).in.extn \ 


KK 


ST_TOKSN.ivr.oaf.(idraa<OTHER - TOKEN>).!in.e«n j 


,_. 0 1 


ST_TOKcN.!((Vf.oar) 



Table C.2.2 Signal Names Used in the State Machine 
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Signal Name 



Logic Eiofftision 

^ — 

ST_PlC7UR£_ENO.(.x==a/r).!rdyt5loar 



U 



S7 - ?| C7Uae.£NQ.(ix«.«fr).fdyi5t.tfdy Q).oar 
5T,S!CTUa£,=NQ,(i ]t3a a/r).fgy^t.Cfdy! 3 01.oaf 




ST,OUT?UT_TAIL.ivr.oaf.!in_extn 



ST_OUTPUT_TAILJ(ivr.oar) 




ST,PL'JSH.(i,;.max).((te»aie— VACH(bsiate-USE).(i 3t » aC isD» 



!((b S tate=VAC).((bstate==USE).(ix=disp))^(ix=^axj j 

I ST - A LLOC.(bstaie«VAC).oar i 

* i 



SB 



CC 



uu 



ST.ALLOC.fbstate^VAQ.fix^max) 



ST.ALLOC.fbstate!*VACUix!«majQ 



ST_ALLOC.!oar 



Table c.2.2 Signal names Used in the state Machine 

c -2- 3.2.8 Monitoring Opera tion fbniinfn) 

In the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
presentation number can be observed during simulations. It 
is written in M and produces an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table c.2.3 shows the user-accessible 

registers, and Table C.2.4 shows the contents of the test 
space. 
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S:ate 



f 3U.3W_ACCE3S i o 



OatO 



£01 
CI 



Ma* euftso: i-»3 rubers. C->2 
External o«crur« z'zc* je'ec: 



i au.a.M.PBgS.NUM ; 0l ,3 j ; 7.0| j 0x00 | Pr.««_,*n 



i SU.SM_thiS.PNUW 
I 3U.3M_PIC_NUM0 



f7:0| 



| 3U_3M_PtC.NUM! I Oil 5 

I ! — , 

j 8U.3M.PtC.NUM2 [ 0,|7 I p;Q[ I 
j 3U_SM,TEMP.q£? | 0 „ e j ( 4:0 | j 0lQ0 



| Oil 4 ( p.Qj j 0lFP | CM „ ent p(C . Uff 
| CHS | f7,Cl [ none | P <t urt nufflDtr <n Su^fr t 



Picture numoer m cu"ef 2 



Picture mjmo*r <n Suffer 3 



~4 moor it reference from stream t 



Table C.2.3 User-Accessible Registers 



A ceres s j 3, u I 

! [ Stat. 



| 9U_3M_oq£S_='_AG 


I Si 50 


i ioi 


i 0 


| P'ij«n.:_ ( ( C n -:a; 


1 — ■ 


| Oifll 


i l*:0I 


| OiF? 


| Exaecteo lemoerai -efe-'e^ce j 


| eu.BA4.TB_oeLTA 


| 0tB2 


{ (4:0J 


f 0*00 


1 EJetu 


9U_8M_4RRJX 


| 0x83 


I H:0| 


| OtO 


| Arrival Duffer .rcex 


BU_3M_0SP_rX 


| 0i64 


| 11:0] 


| 0x0 


j Oaotay surT*r «t 0 «x 


8U.8W.R0YJX 


| 0x6$ 


1 (l.0| 


| 0-0 


| fleaoy oyffar .neex 


3U.8W_3STAT.3 


| o*es 


! i=.oi 


f CiO 


j Suffer 3 »:a^rs ; 


j 8U_BM_8STAT£_ 


| * 0i87 


| P:0! | 0x0 


| Suffer 2 surus ! 


j 3U_SM_9STA7Et 


| o>ea 


j (l:0| 


| 0x0 


| Suffer i law ; 


; 3U.3MJNOEX 


j 0x89 


| (' 31 


f OtO 


| Current Cuff. r :nc«t i 


9U.9M.STATE 


| OxM 


[4:0| 


0x00 


| Suffer manager tiate j 


BU.BM^PROMPS 


OiflB 

i 


(0| 


0x0 


From PICTURE. START | 
nag ■ j 


1 3U.9W.PPCMPL 


OiflC | 


l"C| j 


OiO 


Prom FLUSH_TOKEN J!ag j 



Table C.2.4 Test Registers 
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C.2.4 Operation of The state Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157 , and also as described in the 
5 behavioral description bmlogic.M. 



State 


Value 


PRESO 




□ace * 
fries l 


Ox 10 


c o fj f\ rj 
hHRUH 


Ox IF 


TEMP_REFg 


0x04 


TtMP_REr 1 


0x05 


TEMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


NEW_cXP_TR 


0x00 


SET_AflR_IX 


OxOE 


NEW_PIC_NUM 


OxOF 


FLUSH 


0x01 


ORQ 


OxOB 


TOKEN 


OxOC 


0UTPUT_TA1L 


0x08 


VACATE.RDY 


0x17 


USE.RDY 


OxOA 


VACATE.OtSP 


0x09 | 

, , , . , i 


PICTURE.ENO 


0x02 j 



Table C.2.5 Buffer States 




C.2.4.1 The Reset State 

The reset state is PRESO, with flags set to zero such 
that the main loop circulated initially. 
C.2.4.2 The Mala Loop 

The main loop of the state machine comprises the states 
shown in Figure 153 (high-lighted in the main diagram - 
Figure 152) . States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in c.2.3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0-PRES1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index == max buf) and the state 
then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic_num - pres_num)>=128) 
or 

(pic_num<pres_num)&&((pres_num - pic_num)<=128) 
or 

pic_num = pres_num 

State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
described later). Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its ^ 
updated. if necessary, the previous display buffer is 
cleared. The state machine then advances as before 

State TOKEN is the typical option for completing the main 
5 loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections), otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
10 conditions are met. These are described in the following 
sections . 

C.2.4.3 Allocating The Ready Buffer Index 

If during the PRES0-PRES1 loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 
because only one buffer can be designated ready at any 
time. state VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that when control returns to the PRESO state all 
buffers will be tested for readiness. The reason for this 
is that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it), and there is no 
record of our intended new ready buffer index. it is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer Index 

Allocation of the display buffer index takes place either 
directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to 1 to 
return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN , FLUSH and ALLOC does not need to be made in state 
3 5 USE_RDY. 

C.2.4.S Operation when PICTURE_END Received 

On receipt of a PICTURE_END token, control transfers from 
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alread ""^ " CTURE -— * — If th. index is not 

already pointing at the current arrival buffer, it is set 
to po int there so that its status can be updated. Assuming 
both out_a=c_reg and en.fuU are true, status can be 
updated as described below. „ not, control remains in 
state PICTURE_END until they are both true. The en_fu.ll 
signal is supplied by the write address generator to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore, 
safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result of the test. if it is re ady, rdy_buf is given the 
value of its index and the set_la_ev signal (late arrival 
event) is set high (indicating that the expected display 
has got ahead in time of the decoding). The new value of 
arr_buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 
index is reset to 1 and control returns to the start of the 
main loop. 

C.2.4.6 operation When PICTtJRE_STAHT Received (Allocation 
of Arrival Buffer) 

When a PICTURE_START token arrives during state TOKEN 
the flag from_ P s is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN. state ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
30 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
allocated to arr_buf and its status is flagged as IN_USE. 
Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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Picture's index (contained in .the word following the 
PICTURE_START j to determine if it is the same as targ ix 
(the target index specified at setup) and , if so, 
Set - lf+ - ev ( inde * found event) is set high. 

The three states NEW_EXP_TR, SET_ARR_IX and NEW_PIC_NUM 
set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the xndex to be arr_buf so that the correct picture number 
regxster is updated (note that this_pnum is also updated), 
control then proceeds to state OUTPUT_TAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 
presentation flags or display requests. 
C.2.4.7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst_fld) 
should be reset. This can only occur when all of the data 
leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
monitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 
EMPTY , and the other is IN_USE (as the display buffer). At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN, the flag 
from_fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 
30 TOKEN. state FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 
When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to 1. 
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The flag frora _ fl is reset 
operation is resumed. 

C.2.<;8 operation When TEMPORAI._reference Received 

When a TEMPORAL_REFERENCE token is encountered, a check 
is made on the H.261 bit and, if set , the four states 
TEMP.REFO. to TEMP_REF3 are . visited. These perform the 
following operations: 

TEMP_REF0 : temp_ref =in_data_reg ; 

TEMP_REF1 : de 1 ta=t e mp_ref -exp_tr ; index=arr_buf ; 
TEMP_REF2 : exp_tr=delta+exp_tr ; 

TEMP_REF3:pic_num[iJ=this_pnum+delta;index=l.. 
C.2.4.9 other Tokens and Tails 

State TOKEN passes control to state OUTPUT_TAIL in all 
cases other than those outlined above. Control remains 
here until the last word of the token is encountered 
(in_extn_reg is low) and the main loop is then re-entered. 
C.2.5 Applications Notes 

C2.5.1 state Machine Stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 
timing events of picture clock and display buffer request 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 
2= manager. A typical sequence of states may be PRESO PRES1 
DRQ, TOKEN , OUTPUT_TAIL, each, with the exception of 
OUTPUT_TAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 
PRESO, PRES1 and DRQ) thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 
35 on a once-per-f rame basis. 

C.2.5.2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 
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the schematic shown in C.2.3.2.4 .eans that presentation 
number free-runs during upi accesses. If presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
5 effected by reading presentation number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 
10 C.2.5.3 H261 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 
15 frames are always sequential. 
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SECTION C.3 Write Address Generation 

C . 3 . 1 Introduc t ion 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
5 block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 

10 stored so that lines may be retrieved easily for display. 
C.3.2 Functional Overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token) , the write address generator is 
required to produce a new block address. It is not 

15 necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 

20 obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

2 5 Considering the picture format shown in Figure 161, 

expected address sequences can be derived for both standard 
and H.261-like data streams. These are shown below. Note 
that the format does not actually conform to the H.2 61 
specification because the slices are not wide enough (3 

3 0 macroblocks rather than 11) but the same "half -picture- 

width-slice" concept is used here for convenience and the 
sequence is assumed to be M H • 2 61 — type 11 . Data arrives as 
full macroblocks, 4:2:0 in the example shown, and each 
component is stored in its own area of the specified 
3 5 buffer. 
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Standard address sequence: 
000.00 1 .OOC.OOD, 1 00.200; 
002.003. OOE.OOF, 1 0 1 ,201 ; 
004.005.010,011,102.202: 
006.007,012.013.103,203; 

ooa.009,014,015.104,105: 

OOA.006,01 6.017, 105,205; 
018.019,024.025.105,107; 
01A.01B.026 



080,081 .08C08D. 122.222; 
082.083.08E.08F. 123.223; 

H26l-type sequence: 

000,001 .OOC.OOD, 1 00.200; 

002.0O3.O0E.00F, 1 01 ,201 ; 

004,005.01 0,01 1 ,1 02.202: 

018,019.024.025.106.107; 

01 A.01 B,026,027,1 07,207; 

01 C.01 D.028.029,1 08.208; 

030,031. 03C.03D,10C,20C. 

032.033.03E.03F.10D.20D: 
034,035.040.041. 10E.20E; 
006,007,012,013,103.203; 
008.009,014.015,104,105; 
00A.0OB.O1 6.01 7, 1 05,205; 
01E,01F.02A.02B,109,209; 
020.02 1,02C.02D,10A^0A; 
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022.023.02S.02F.10B.20B; 
036,037.042.043. 10F.20F; 
038.039.044,045,110.210; 
C3A.03B.046.047. 1 1 1 .21 1 ; 
048.049,054.055.112,212; 
04A.04B.056 



06A,06B,076,077 ( 11 0.21 D; 
07E.07F.08A.08B. 121 .221 ; 
080,08 1 ,06C.08D, 1 22.222; 
082.083 ,08£ .08F, 1 23:223; 

C.3.3 Architecture 
C.3.3.1 Interfaces 

C.3.3 . l.i Interface to buffer manager 

The buffer manager outputs data and the buffer index 
directly to the write address generator. This is performed 
under the control of a two-wire- inter face . In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 
two separate (but similar) clock generators. 
C. 3,3. 1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire- interface , and the dramif uses each of them in 
different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
C.3.3. 1.3 Microprocessor Interface 

The write address generator uses three bits of 
microprocessor address space together with 3-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 



# % 



10 



15 



20 



25 



603 



C. 3,3,1. 4 EvPnt. 

The write address generator is capable of producing five 
different events. Two are in response to picture size 
information appearing in the data stream (hmbs .and vmbs) 
and three are in response to DEFINE_SAMPLING tokens (one 
event for each component. 
C3.3.2 Basic Structure 

The structure of the write address generator is shown in 
the schematic waddrgen . sch . it comprises a datapath, some 
controlling logic, and snoopers and synchronization. 

C ' 3 - 3 - 2 - 1 The Data path fbw^dpath) 

The datapath is of the type described in Chapter C.5 of. 
this document, comprising an 18-bit adder/ subtracter and 
register file (see C.3.3.4), and producing a zero flag 
(based on the adder output) for use in the control logic. 

c ' 3 - 3 - 2 - 2 The controlling t.» 7 <^ 

The controlling logic of the present invention consists 
of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 
interface signals, and also includes the writable control 
registers . 

C ' 3 - 3 * 2 - 3 Snoopers and s Y n g hroni za tinn 

Super snoopers exist on both the data and address ports 
Snoopers in the datapaths, controlled as super-snoopers 
from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 
3 0 c.3.3.3 controlling Logic and State Machine 

C - 3 -3.3. 1 InDUt/Ou tPUt Bloglc (wa input.) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode) and arrival buffer index (for decoding four 
3 5 ways) . 

p *. 3 ' 3 - 3 ' ? Two Cycle Control Block fw» fn } 

The flag f c (first cycle) is maintained here and 
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indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3.3.3.3. Component Count (va comp) 

Separate addresses are required for data blocks in each 
5 component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
C.3.3.3.4 Modulo-3 Control (va mod3) 

When generating address sequences for H. 261 data streams, 
10 it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
I . maintaining a modulo-3 counter, incremented each time a new 

■\ row of macroblocks is visited. 

C.3.3.3.5 Control Registers (wa ureas) 
= 15 Module wa_uregs contains the setup register and the 

1 coding standard register - the latter, is loaded from the 

data stream. The setup register uses 3 bits: QCIF (lsb) 
; and the maximum component expected in the data stream (bits 

j 1 and 2) . The access bit also resides in this block 

- 20 (synchronized as usual), with the "stopped" bits being 

[ derived at the next level up the hierarchy (walogic) as the 

OR of the access bit and the event stop bits.. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
2 5 and the lower two bits of the address bus. 

C.3.3-3.6 Controlling State Machine (va state) 

The logic in this block is split into several distinct 
areas. The sate deco.de, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
30 (drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire- interf ace controls, and the 
five event signals. 
C.3.3.3.7 Event Generation 

The five event bits are generated as a result of certain 
35 tokens arriving at the input. It -is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 
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calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware." 
C.3.3. 4 Register Address Map 

There are- two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 




9LT_v/A0OR_ACCESS j 



BU.WAOOR.CTll 



0x6 



j Cod s:d frcm rata SL-sarrr ' 
Access tit | 



max corr.ponent( 2; i j ana j 



CCIr{01 



9UJ.VA_AOOR.SNP2 j 0.60 j 8 




snooper cn tr.e write 
address ;enera:or 
address c/s. 


9LLWA_AD0R„SNPt | 0x8 1 j 8 




9U_WA_AD0n.SNP0 


0xB2 


.8 


3U_WA_0ATA_SNP1 | QxB4 | a 




snoooer on da:a ou:c_( -f j 
WA i 


8U.WA_0ATA_SNP0 


0x95 


8 



10 



Table C.3.1 Top-Level Registers 
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Keyr.oie Register Name 


* 

i Keynoie 
f 

| Acjirasa 




i 
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Table C.3.2 Image Formatter Address Generator Keyhole 
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Table c.3.2 Image Formatter Address Generator Kevhole 
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Table C.3.2 Image Formatter Address Generator Keyhole 
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The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
running totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 
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C.3*4 Programming the Writ* Address Generator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 
5 l)WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2 ) WADDR_MBS_WIDE : this defines the width, in 
macroblocks, of the incoming picture. 

3 ) WADDR_MBS_HIGH: this defines the height, in 
10 macroblocks, of the incoming picture. 

4) WADDR_LAST_MB - IN_ROW: this defines the block 
number of the top left hand block of the 

y last macroblock in a single, full-width row 

S| of macroblocks. block numbering starts at 

s 7j 15 zero in the top left corner of the left-most 

: £ macroblock, increases across the frame 

^ with each block and subsequently with each 

following row of blocks within the 
O macroblock row. 

!^ 20 5) WADDR_LAST_MB_IN_HALF_ROW: this is similar 

M= to the previous item, *but defines the block 

;=j number of the top left block in the last 

macroblock in a half-width row of 

macroblocks. 

25 6) WADDR_LAST_ROW_IN_MB: this defines the block 

number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BLOCKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 

30 single, full-width row of macroblocks. 

8) WADDR_LAST_MB_ROW: this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

3 5 9 ) WADDR_HBS : this defines the width in blocks 

of the incoming picture. 
10JWADDR MAXHB: this defines the block number 
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of the right-most block in a row of blocks in 
a single macroblock . 
11)WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
5 In addition, the registers defining the organization of 

the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-; and can be 1 minimum 
10 and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 
15 The screen configuration illustrated in Figure 162 yields 

the following register values: 



1) WADDR_HALF_WIDTH_IN_BlOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x16 

3) WA0DR_MBS_HIGH = 0x12 

4) WADDR_LAST_M9JN_ROW = 0x2 A 

5) WADDR_LAST_MB_IN_HALF_R0W = 0x14 

6) WADDR_LAST_ROWJN_MB = 0x2 C 

7) WADDR_BLOCKS_PER_MB„ROW = 0x58 

8) WADDR_LjAST_MB_ROW = 0x5D8 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXVB = 1 

11) WADDR_MAXH3 = 1 
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C.3.5 Operation of The state Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.3.3. These interact as 
shown in Figure 164, and also as described in the 
5 behavioral description, bmlogic.H. 
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State 


Value 
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HORZ_MBS 1 
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OxOB 
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OxOA 


OUTPUT.TAIL 


0x08 
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Ox it 


MBO 


OxlD 


MBt 


0x12 


MB2 


OxlE 


MB3 


0x13 


M&4 


OxOE 


MBS 


0x14 


MBS 


0x15 | 


M&4A 


0x19 | 



Table C.3.3 Write Address Generator States 
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up a a 


0x09 




0x17 




0x16 


ADOflt 


0x19 




0x1 A 




0x1 9 


ImJ n 






.0x03 


hsamp 


U2U3 


VSAMP 


0x04 


PIC.ST1 


0x0! 


PIC.ST2 


0x01 


PIC_ST3 


0x02 



Tabla C.3,3 Writ* Address Gtntrttor statas 
c.3.5.1 calculation of tha Addraas 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDR1 and then through to state 
ADDR5 , from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDR1 through to ADDR5 are: 

BU_WADDR_SCRATCH-BU_BUFFERn_BASE 

+BU_COMPm_OFFSET; 

BU_WADDR_SCRATCH=BU_WADDR_S CRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR- SCRATCH 
+BU_WADDR_HMBADDR ; 
' BU_WADDR_SCRATCH=BU+WADDR_S CRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 

1) BU_WADDR_VMBADDR: the block address (the top left 
block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU^WADDR^HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 



macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated. 

5) BU_WADDR_SCRATCH : the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_OFFSET; (assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x2 8 ; 

SCRATCH=0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

C. 3.5.2 Calculation of Mav Screen Location Parameters 

When the address has been output, the state machine 
continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB 6 do the calculations, 
transferring control at some point to state DATA from which 
the reminder of the DATA Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 



3) 



BU_WADDR_VBADDR: the block address, within the 
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zero flag is set,, control continues down the "MB" sequence 
of states. if not< all CQUnts are deemed ^ ^ .^^^ 

(ready for the next address calculation, and control 
tran-sfers to state DATA. 
5 Note that all states which involve the use of an addition 

or subtraction take two cycles to complete (allowing tha 
use of a standard, ripple-carry adder), this being effected 
by the use of a flag, f c (first cycle) which alternates 
between 1 and o for adder-based states. 
10 All of the address calculation and screen location 

calculation states allow data to be output assuming 
favorable two-wire interface conditions. 
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C.3.5.2. 1 CalculAf jpns for standard 

(MPEG-style) fi^ T ^ w ^oc 

The sequence of operations is as follows (in which the 
zero flag is based on the output of the adder): 
5 states HB and MBO : 

scratch = hb - maxhb; 
if (z) 

hb = 0; 
else 
10 ( 

hb = hb + i 
new_state = DATA; 

) 

states MB1 and MB 2 : 

scratch = vb_addr - last_row_in_mb; 
Si if (2) 

vb_addr = 0; 
U else 

y ( 

□ 20 vb_addr = vb_addr + width_in_blocks ; 
!y new state = DATA; 

2 > 

□ states MB3 and MB4 : 

^ scratch = hmb_addr - last_mb_in_row ; 

25 if (2) 

hmb_addr = 0 ; 
else 

( 

hmb_addr = hmb_addr + maxhb; 
30 new_state = DATA; 

) 

states MBS and MB 6 : 

scratch = vmb_addr - last_mb_row; 

if (!z) 

33 vmb_addr = vTrib_addr + blocks_per_mb_row; 

(vmb_addr is reset after a PICTURE_STAKT token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . 

C - 3 ' S ' 2 *3 Ca lculations for H.261 Seg uenrp. 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB1 and MB2:-as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb__in_row; 

if (z & (mod3==2)) /*end of slice on right of screen*/ 

10 ( 

hmb^addr - 0; 
new_state - MB 5 ; 

) 

else if (2) /*end of row on right of screen*/ 
15 ( 

hmb_addr = ha 1 f _width_in_blocks ; 
new_state = MB4 A ; 

) 

else 
20 ( 

scratch = hmb_addr - last__mb_in_half_row; 
new-state = MB4B; 

} 
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state MB4A: 

'vTub_adclr = vmb_addr - b locks .per.mb^rov ; 
"ew_ s - ate - DATA; 

state (MS4) and MB4B: 

•scratch = hmb.addr - last_mb_in_half_row ; j 

if <z & <mod3«2)) /'end of slice on lefc of sere 



. w --?j_addr = hmb^addr * nvaxhb; 
r.ew_scate = DATA; 

} 

states MB4C and MB4D: 

vmb_addr « vmb_addr - blocks_per_mb_row ; 
vmb_addr * vmb_addr - blocJcs_per_mb_row; 
r.ew.stace = DATA; 

states MBSand MB6:- as above 
C.3.5.3 Operation on PICTURE_START Token 

When a PICTURE_START token is received, control passes to state PlC.STi where :r-e 
vb.addr register (BU_WADDR_VBADOR) is reset to 0. Each of states PIC_S72 and PiC_S73 a.-? 
then visited, once for each component, resetting hmo_addr and vmb.addr respectively. Cor:-: 
then returns, via state OUTPLTT_TAIL. to IDLE. 



h_*r>3_addr = hmb_addr * nvaxhb; 



r.ew_s:ate = MB4C; 



else if (z) /*end of row on left of screen'/ 



rj^b_addr = 0; 



r.ew.stace = MB4A; 



C.3.5.3 Operation on PICTURE_START ToJcen 

When a PICTURE_START token is received, control passes 
to state PIC_ST1 where the vb_addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vmb_addr, respectively. Control 
then returns., via state OUTPUT_TAIL, to IDLE. 
C.3.5.4 Operation on DEFINE_SAMPLING Token 

When a DEFINE_SAMPLING token is received, the component 
register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAWP, 
the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 
token to be written) . 

C.3.5.S Operation on HORI ZONTAL_MBS and VERTICAL_HBS 

When each of HORI ZONTAL_MBS and VERTICAL_MBS arrive, the 
14-bit value contained in the token is written, in two 
cycles, to the appropriate register. The relevant event 
bit is triggered, delayed by one cycle. 
C.3.5.6 Other Tokens 

The COD I NONSTANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 
is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT JTAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 



SECTION C.4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists of four state .machine/datapath blocks. The first 
"dime", generates line addresses and distributes them to 
the other three (one for each component, identical 
page/block address generators, "dramatis" . All blocks ar= 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 
field upper/ lower, and frame start on upper / lower/both . 
The Table c.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C.13 
gives a programming example for both address generators. 
C4.2 Line Address Generator (dline) 

This block calculates the line start addresses for each 
component. Table C.3.4 shows the 18 bit datapath registers 
in dline. 

Note the distinction between DISP_register_name and 
ADDR_register_name DISP _nair,e registers are in dispaddr 
only and means that the register is specific to the display 
area to be read out of the DRAM . ADDR_name means that the 
register describes something about the structure of the 
external buffers. 
Operation 

The basic operation of dline, ignoring all modes repeats 
etc. is: 

if (vsync_start)/* first active cycle of vsync*/ 
( 

comp = o 

DISP_VB_CNT_COMP [ comp ] =0 ; 

LINE [ comp ] =BUFFER_BASE [ comp ] +0 ; 

LINE[compj=LINECcomp]-DISP_COMP_OFFSET(Comp] ; 
wh i le ( VB_CNT_COMP ( comp ] <DI SP_VBS_COMP £ comp ] 
( 

while ( 1 i ne_coun t[cor,p]<3) 
( 




( 

while (comp<3) 
( 

-OUTPUT LINE[comp]to dramct 1 ( comp ] 

1 i ne f comp J =LINE [ comp ] +ADDR_HBS__COMP [ comp j ; 

comp = comp + x; 

) 

line^count [ comp j =line_count [ comp ] +1 ; 
) 

VB_CNT_COMP [ comp ] =VB_CNT_COMP [ comp ] + 1 ; 

line_count [comp] ==o ; 

) 

) 
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| ^egisier Names 
1 

1 


3us 


Keynole 
Address 


I 
t 

I C-esc.-^dcn 

I 


! 
i 

; Zzrrr-.eris 

f 


j 5Ur= = =i_3AS=0 


A 


0x00.0 1.C2.03 


! 5Icck address 


| T>.sse re^isiers 
i 


3UF===L3ASEl 


1* 


Ox04.05.C6.07 


of the stan of 


must be loaded 


3Up?E=_9AS=2 


A 


0x08.09.0a.0b 


eacn Suffer. 


by the uci be/cre 


0ISP_COMP_CF=5ET0 


S 


0x24,25.26.27 


j Offsets from tfte 

J 


operation can 


01S?_CCMP.OF=SET1 




0x29.29.2a.2b 


buffer base to 


Seg:n. 


j ClS?_COMP_OFrScT2 


3 


Cx2c.2d.2e.2r 


where reading 
begins. 


C:SP_v3S_COMP0 


I" 


0x30.31.32.33 


Mum ever of 




! 0lSP_V3S_CCMPl 


8 


0x34.35.36.37 


vertical blocks 




■ 0I5?_V=S_CCMP2 


a 


Ox33.39.3a.3b 


to be read 


: 

; 


j A00P_H3S_COMP0 


B 


0x3c.3d.3e.3f 


Numaer of 


: 
; 


J ADCS_H3S_C0MP1 




0x40.4 1. 42,43 


honzorval 


i 


ACZRJ-.3S_C3MP2 


B 


0x44.45,46.4 


blocks IN THE 

Oata 


i 
i 


UNEO 


* 


OxOc.Od.Oe.Of 


Current line 


These registers 


UN£t 


A 


Oc10.11. 12.13 


address 


are temporary 


UNE2 


A 


OxU.15,16,17 




i 

locations used ! 


0ISP_V3_CNT_COMP0 


A 


0x18. 19. la. ID 


Number ol 


by cisoaddr. I 

i 


1 OIS? V8 CNT COMP1 


A 


Oxlc.td.ie.lf 


vertical blocks 


C1SP_VS_CNT_C0MP2 


A 


0x20.21. 22.23 


remaining to be 
read. 


Note: All | 
r*;rs:ers a/e P/ j 
w fram :ne uci j 



Table c.3.4 Dispaddr Datapath Registers 
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c.4.3 Dline Control Registers 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C.4.3 below. 



Register Name 


Address 


Sits 


Reset 
State 


i 

Function ! 

1 

1 


1 1 IN;C5 IKl t ACT SrtlAitt 




[Z.V] 


0x07 - . 


These tnree regtsteri j 


1 l'mss tsj i a^t ant/vt 








i 

determine me number of 


LIN E5_i N_LAST_ROW2 


OxOa 


(2:01 


0x07 


lines (out or 8) of ;ne last 
row of blocks to read out 


OiSPACDR. ACCESS 


0x0b 


(0] 


0x00 


Access bit for aissaddr 


ClSPAOOR_CTl.O 


0x0c 


(1:01 


0x0 


SYNC.MOOE j 


See below for a detailed 




12] 


0x0 


REAO, START 


! 

description ol tnese 

; 




PI 


Oxt 


INTERLACEO/PROG 




W 


-■ ■- i 

0x0 


LSBJNVERT 


1 C3r.;rol Bits 




[7:5] 


0x0 


une.RPT | 


! 0ISPA0DR.CTL1 


OxOd 


[01 


0x1 


COMPOHOLO j 



O-.scaedr Control Registers 

TABLE C.4.3 CONTROL REGISTERS 
5 C.4.3.1 LIHES^IN^LAS^ROWt component] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 

10 the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 . 3 . 2 DISPADDR_ACCE8S 

This is the access bit for the whole of dispaddr. On 

15 writing a "1 M to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Note that the upi is actively locked out frQm ^ datapath 
registers until the access bit is "1". m order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
the display window and is programmed in the output 
controller (not dispaddr). Note: It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. If the software is too slow and doesn't 
release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish). 
C.4.3.3 DISPADDR_CTLO[7 :0] 

When reading the following descriptions, it is important 
to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field), and frames (each buffer contains an entire frame - 
interlaced or -not) 

DISPADDR_CTL0[7:0)contains the following control bits: 
SYNC_MODE[ 1:0) 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and. 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

l:Bottom Field 
5 . 2 :Both Fields 

3:Both Fields 

At startup,, dispaddr will request a buffer from the 
buffer manager on every vsync . Until a buffer is ready, 
dispaddr will receive a zero (no display) buffer. When it 
10 finally gets a good buffer index, dispaddr has no idea 
where it is on the display. it may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync. 
READ_START 

15 For interlaced displays at startup, this bit determines 

on which vsync display will actually start. Furthermore, 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 
20 INTERLACED/ PROGRESSIVE 

0 : Progressive 
1 .-Interlaced 

In progressive mode, all lines are read out of the 
. • display area of the buffer. m interlaced mode, only 
2= alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

first/second. line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 
correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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m 

j_L. 



25 



LINE__RPT[2: 0] 



cCir:: r ad c ; uses the iines ° f the 

etc., This r 6 (bit ° affe " S com P°nent o 

This forms the f irst part of the verti ' 
= unsamplinq Tt i= . j • vertical 

required lor " 8 timeS Ch — "PS-PUng 

required for conversion from QFIF to 601. 

COMPOHOLD 

linll! 1 * b K fc " t0 Pr ° gram thS rati ° ° f the "u»b.r of 

10 L I ! ° PPOSed t0 -i«Pl.y.d) for component 0 

io to those of components 1 and 2). 

0: Same number of l ines , i. e ., 4 : 4 : 4 data in 

the buffers. 

l: Twice as many component 0 lines, i.e 4-2-0 

Page/Block Address Generators (dramctls) ' 

When passed a line address, these blocks generate a 

n:r T o h? a9e/iine a ~ s - rj alo „; e th : 

line. The minimum paqe width q m 

^ width of 8 blocks is always assumed 

> t nV eSU b tin9 ° UtPUtS C ° nSiSt ° f 3 ^ - 3 

20 1 1 ' 3 3 bl ° Ck Sta "' - d * ^ bit block 

20 stop address. (The line number calculated 

:: s :ix e r r T^ the dramctis • — i :;: 
ockLliv 1 : 6 / form page oxaa starting «>• 

line, thl 1' ' ^ ""^ P ° int ^ an "bitr.ry 
line,, the addresses passed to the DRAM interface would be 

Pa 9 e = Oxaa 

Line = 5 

Block start = 2 
Block stop = 7 
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Each of these three machines has 5 datapath registers. 
These are shown in Table C.3 4 Th* ^ 
dramctl is: " S1C behavior °* «ch 
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Block start = 2 
Block stop -7 

Each of these three machines has 5 datapath registers. These are shown in Taole C.3.4 % 

The basic behaviour of each dramctl is:- 
whiie (true) 
{ 

CNT_LEFT a 0; 

GET_A - NEW_LINE_ADDRESS from dline: 

BLOCK_ADDR ~ input_block_addr + 0; 

PAGE.ADDR = input_page_addr + 0; 

CNT.LEFT = DISPJHBS + 0; 

while (CNTJ.EFT > BLOCKSJ.EFT) 

( 

BLOCKS_LEFT = 8 - BLOCK. ADOR; 

— > output PAGE_ADDR. start=BLOCK_ADDR, stop=7. 

PAGE_AODR = PAG EVADOR + 1 : 

BLOCK_ADOR = 0; 

CNT_LEFT = CNT_LEFT - BLOCKSJ-EFT; 

} 

r Last Page of line 7 

CNT J.EFT = CNT.LEFT ♦ BLOCK_ADOR; 
CNT_LEFT = CNT_LEFT - 1; 

— > output PAGE_ADOR.start=BLOCK_ADDR,stop=CNT_LErT 
} 
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Table c.3.5 Dramctl(o,i « 2 ) Datapath Registers 



TabIeC3.5 Dramctl(O f 1 & 2) Datapath Registers 



Register Names 




Keyhole 






Bus 




Description 


Commenis 






Address 







OlS?_COMP0,H8S 


1 A 


t 

1 UX«o, 49.4a, 4b 


The number of 


This register 




ois?_cowpi_Hes 


1 A 


J UX«C.4(J.4e,4f 


horizontal 




DIS? COMP2 HB<5 


A 


0x50.51,52.53 


blocks to be 


must be loaded 
before 










read. c.f. 


operation can 


■=tj 








ADDR.HBS 


begin. 




CMT_l=FTO 


A 


| 0x54.55.56.57 


Number of 


These regisrers 
are temporary 
locations used 




CN7_l£ — , 


A 


0x58.59.Sa.5b 


blocks remaining 




CNT_1_ = =T2 


A 


0x5c,5d,5e.5f 


(o be read 




?AG£_AOD30 


A 1 


0x60.51,62,63 


The address of 


by C'szaecr. 




PAGE,AOOR! 


A 


0x64.65.66.67 


the current 




T iilii 


PAGc_A00R2 


A 


0x68.69, 6a. 6b 


page. 


Noie: an 




aiCCK.AOORO 


8 


0x6c.6d.6e.6f 


Current block 


registers are PJ 




3LCCK.A00R1 


8 


0x70.71.72,73 


address 


W from the upi 




3LCCK_A00R2 | 


S 


0x74.75.76,77 






3LOCKS.LHFT0 


8 


0x78.79.7a.7b 


Blocks left in 






3lOCKS_L£FTl 


9 1 


0x7c.7d.7e.7f 


current page 






3LOCKS.LHFT2 


9 


0x60.81,62.83 





Programming 

The following 1 5 dispaddr registers must be programmed before operation can begin. 



BUFFER_BASE0.1,2 
OISP_COMP_OFFSET0. 1 ,2 
OISP_VBS_COMP0.1,2 
ADDR_HBS_COMP0,1.2 
DlSP_COMP0,1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(f ield_info=HIGH) . Figure 159, "Buffer 0 Containing a SIF 
(22 by 18 macroblocks) picture, " shows a typical buffer 
setup for a SIF picture, (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS__ COMPn ami the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPONENT_OFFSET , .and 

LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 
display window," shows how this is achieved (for component 
0 only) . 

In this example, the register setting would be: 

BUFFER_BASEO - OxOO 

DISP_COKP_OFFSETO = 0x2D 

DISP_VBS_COMPO = 0x22 

ADDR_HBS_COMPO = Ox2C 

DISP_HBS_COMO = 0X2 A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 

•This example is not "practical with anything other than 
4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries . 

•The color space converter will hang up if the data it 
receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.5 Datapaths for Address Generation 

The datapaths used in dispaddr and waddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
5 to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath,", Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 

10 All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 

15 "phO M ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 

2 0 allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 

2 5 are disabled and one of a set of three byte addressed 

write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 

3 0 • Reading: This is achieved using the A and B buses. 

Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 
3 5 As double cycle datapath operations require the A and B 

buses to retain their values, and upi accesses disrupt 



these. acceSS must only be given by th . contrQl 

AlTn Start ° f d3tapath oP«.tion 

addr h regiSte " in ^ Address generators are 

add ressed tnrough a g ^ 

or r e (mSb> 0X29 USb > "»* ^ ^ol.. and Ox 2A 

for^the data. The keynole addresses arg g . yen ^ ^ 

Notes : 

DAll address registers in the address 

generators (dispaddr and waddrgen) contain 
blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST ROW 
registers. 

2) Some registers are duplicated between the 
address generators, e.g., BUFFER_BASEO occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. This allows display 
windowing (only reading a portion of the 
display store) , and eases the display of 
formats other than 3 component video. 
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SECTION C.6 The DRAM Interface 

C.6.1 Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. ' m all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator. 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. a separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM , the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM , one for each of Luminance ( Y ) and the Red and 
Blue color difference data (Cr and Cb, respectively). 

The operation of a generic DRAM Interface. is described 
in the Spacial Decoder document. The following section 
describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
video Formatter. 

C.6.2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 
DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 
m The data in the Video Formatter external DRAM is 

organized so that at least 8 blocks of data fit into a 
15 single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 
interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 
25 reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 
30 that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above), and the stop 
value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION C.7 Vertical Upsampling 
C.7.1 Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
c.7,2 Ports 

Input two wire interface: 

• in_valid 

•in_accept 

• in_data [ 7 : o J 

• in_lastpel 

•in_lastline 

Output two wire interface: 

•out_valid 

•out_accept 

•out_data[9:0] 

•out_last 

mode[2:Oj 

nu P data C 7:oj, upaddr, upsel[3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 

phO, phi, notrsto 
C.7. 3 Mode 

As selected by the input bus mode(2:OJ. 

Mode register values l and 7 are not used. 

In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C.7. 3.1 Mode OrFifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C. 7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 

A-> ABACBDBCCDD 
C.7.3.3 Mode 4: Lower 

Each input line produces two output lines. In this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
the pair is the average of the current input line and the 
previous input line. m the case of the first input line, 
where there is no previous line to use, the input line is 
repeated . 

!| „ ThiS Sh ° Uld be sele «ed where chroma samples are co-sited 

13 with the lower luma samples. 

>j A " > ABAC(A-i-B) / 2DB ( B+C) /2C (C+D) / 2D 

C.7.3.4 Mode 5: Upper 
Jj Similar to the "lower" mode, but in this case the input 

r llne f ° rmS the u PP er of the output pair, and the lower is 

Id 20 the ave "ge of adjacent input lines. The last output line 

jif is a repeat of the last input line. 

E This shoulc * selected where chroma samples are co-sited 

H with the upper luma samples. 

A-> AB ( A+B) / 2CBD (B+C) /2C ( C+D) /2DD 
2 5 C. 7.3.5 Mode 6; Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. m order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 

30 A-> AB(3A + B)/4C(A + 3B)/4D(3Br C )/4(B + 3C)/4 

( 3C-«-D) /4 (C+3D) /4D 

C.7.4 How it Works 

There are two linestores, imaginatively designated "a" 
and »b». In "FIFO" and "repeat" modes, only linestore "a" 
33 is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in " FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 

indicate the end of the input line and the end of the 
picture. ln_lastpel, it should be high coincident with the 
last pixel of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 

In "repeat" mode, each line is written into store "a". 
The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b". The first 
line of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
is in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs , and the signals that determine when 
the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in^lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.5 UPI 

This block contains two 512 x 8 bit RAM arrays, which may 
be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 

C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers , one for each color 
component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. In all, there are four modes of 
operation : 

Table C.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


0 


Straight-through (no processing). The reset state. j 


1 


No up-sampling, filter using a 3-tap FIR filter. 


2 


x2 up-sampling and filtering 


3 


x4 up-sampling and filtering 



C.8.2 Using a Horizontal Up-sampler 

The address map for each Horizontal Up-sampler consists 
of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table c.7.1. Depending on the mode, some or 
all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x„, is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 
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Table C.7.2 Coefficients for Mode X 



Cceff 


ah c.'ock r-er;c<:s 


KO 


cOO j 


Jcl 


dO | 


1 


c20 j 



Table C.7.3 Coefficients for Mode 2 



Coefl 


1st dock period 


2nd clock oenod 




cOO | coi ] 


*' 1 CIO j ell 1 


j « j c20 


c2l 



Table C.7.4 Coefficients for Mode 3 



Coeff 


1st clock penod 


2nd clock penod 


3rd clock penod 


*tn cjock eenod ! 


t 


cOO 


cOl 


c02 j 


c03 "j 


i " 1 


clO 


e.. 


C2 | 


d3 i 
r 


I* 1 


c20 


c2\ 


C22 


c23 . 
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coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

in order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 
5 For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because- residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
10 input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A "-" indicates 
15 that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table c.7.5 Sample Coefficients 



j Coetfcient 


x2 up-sample, c/p pels 


x2 up-sample, o/p pels in 


x4 up-sample, ztz re s .-. : 


| 


coincident with Vo 


between ^p 


i 

Between i/p j 


1 COO 


0000 


01BD 


00E9 | 


| C01 


0000 


01 0B 


00B6 ; 


j C02 






012A ! 


j C03 






0102 ; 


| dO 


0800 


0538 


0651 ; 


en 


0400 


0538 


0651 


j c12 






04-16 


! C13 






029F 


; c20 


0000 


0108 


00=5 


; C21 


0400 


01BO | 


00E3 


I C22 ! 




! 


0290 


c23 j 


| 045F 
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c.S.3 Description of a Horizontal Up-Stapltr 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsample case. 
5 In addition, x2 upsampling and xl filtering (modes 2 and 1) 
are degenerate cases of this, and bypass (mode O) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated. 

1) When valid data is latched in the input 

10 latch ("Li") , it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
15 "PIPE") are clocked. Thus, for input data x^, 

the first PIPE will fill up with the values cOO.x,, 
cOl.x,, C02.X,, c03.x,. 

3) Similarly, the second multiplier will multiply x„ 

by of its coefficients, in turn, and the third 
20 multiplier by all its coefficients, in turn. 

It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table C.7.6 output Sequence for Mode 3 



Clock! Period 


Output 


o 


C20.X* - ClO-Xvi 


* cOO.ju.j 




c21.x. 


♦cii.x,., 


* CO 1.x,., 




C22.X, 


*ci2.x,., 


* CC2.X..2 


3 


C23.X-, *c13.x*., 


*c03.x,., 



From the point of view of the output, each clock period 
2 5 produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values), this can 
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20 



25 



30 





be thought of as implementing a 12 tap filter on x4 up- 
sampled input pixels. 

For x2 upsampling, the operation is essentially the same 
except the input data is only held for two clock periods' 
Furthermore, only two coefficients are used and the »PI PE » 
blocks are shortened by means of the multiplexers 
illustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 

We now discuss a few notes about some peculiarities of 
the implementation in the present invention. 

DThe datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 
Converter. These widths are more than adequate for the 
purpose of the Horizontal Up-sampler.. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 
schematics (primarily because of difficulty in CCODE 
generation), but the actual circuit is smaller. 

3) As in the Color-Space . Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

Control for the entire Horizontal Up-sampler can be 
regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 
register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid, 
out_accept (for the two-wire interface) and the signal 
35 "in_last". This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line to te 
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replicated twice-over and the clearing down of the pipeline 
between lines (the pipeline contains partially-processed 
redundant data immediately after a line has been 

completed) . 




f 
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SECTICW C.9 The Color-Space Converter 

C.9.1 Overview 

The color-Space Converter in the present invention ( CSC) 
performs a 3x3 matrix multiplication on the incoming 9-bit 
data, followed by an addition: 



yO 




c01 c02 c03 








c04 


yi 




c11 c12 c13 


X 


x1 


+ 


c14 


v2 

I— ■ J 




c12 c22 c23 




x2 


i 


.c24 



10 



ill 



si = 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 

The CSC is capable of performing conversions between a 
number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 



E R , E c , E g -» Y, C 9 . C 



R.G.B-+ Y, C., C 



8' S 



r, c R% c B -+ E Rt £ c . E B 



Y, C R , C a -*R t G t B 



R, G and B are in the range ■ (O. . 511) and all other 
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quantities are in the range of ( 32.. 470). Since the input 
to the Top-Level Registers CSC is Y , C R , C n , only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
chosen so that, for 9 bit data/ all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table C.8.1 Coefficients for Various Conversions 



t 
1 






Y->Eq 




; Coeff 


| Cec 


Hex 


| Dec 


Hex 


Dec 


Hex 


Dec 


j "Si 


I ^ 


' 0.299 


0132 


0.2S5 j 


1.0 


0400 


| ,.,» 




\ zC2 


0.557 


0259 


0.502 | 


1.402 


0S9C 


| ...33 


t' -63- 


j c03 


O.tU 


007 S 


0.098 1 


0.0 


cooo 


o.c 






0.0 


0000 


16 




-179.456 


F4C8 


■222. i7 


3 ; -t=3 


: CM 


0.5 


0200 


0.423 | 


1.0 


0400 




: =12 


-0.419 


FE53 


-0.358 | 


-0.714 


F025 | 


-0.3*5 


! - CiJ 




-0.081 


FFAO 


-0.070 




-0.344 


FcAO j 


-o.i:2 


i 


j CI4 


123.0 


0800 


128 




135.5 


0878 


t39.7 


I C =2A • 


c21 


-0.169 


FF53 


-0. 1 44 1 


1.0 


0400 j 


l.?59 


J«a= ' 


C22 j 


-0.331 


F=A0 


-0.2 93 | 


0.0 


ooco | 


0.0 


j :c:o ■ 


C23 | 


1 


0200 


0.427 




1.772 


0717 | 


2.07 1 


i ! 


C24 j 


128 


0800 


128 | 


•225.816 


F102 | 


-233 34 


j : 



All these numbers are calculated from the fundamental 
equation : 

Y = 0.2?9E R +0. 587E G +O.OH4E n 
and the following color-difference equations: 
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The equations in R, G and B are derived from these aft . P 
the full-scale ranges of these quantities are considered" 
C.9.2 Using the Color-Space Converter 

On reset. cOi, c!2, and c23 are set to 1 and all other 
= coefficients are set to 0. Thus, y0=x0/ yl=xl and 

and all data is passed through unaltered. To select a 
color-space .conversion, simply write the appropriate 
coefficients (from Table c.8.1, for example, into the 
locations specified in the address map. 
10 Referring to the schematics, x0..2 correspond to 

in_data0..2 and y 0 ..2 correspond to out_data0 . . 2 . Users 
should remember that input data to the CSC must be up- 
sampled to 4:4=4. if this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
1= win lock. 

It should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
ramus) a constant. Thus, for any given color-space 
conversion, the order of the outputs can be changed by 
20 swapping the rows in the transform matrix (i.e., the 
addresses into which the coefficients are written). 

The CSC is guaranteed to work for all the transforms in 
Table C.8.1. if other transforms are used the user must 
remember the following: 

DThe hardware will not work if any intermediate result 
in the calculation requires greater than io bits of 
precision (excluding the sign bit) . 

2)The output of the CSC is saturated to o and 511. That 
is, any number less than 0 is replaced with 0 and any 
30 number more than 51.1 is replaced with 511. The 

implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below o. if the CSC is programmed incorrect ly > then a 
common symptom will be that the output appears to 
saturate all (or most of) the time. 
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C.».3 Description of the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three "components" have been shown 
because of space limitations. In the Figure, "register" or 
5 "R" implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UP I registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
10 with reference to the left-most "component" (that which 
produces output out_data0) : 

l)Data arrives at inputs xO-2 (in_data0-2) . This 

represents a single pixel in the input color-space. 

This is latched. 
15 2)x0 is multiplied by cOl and latched into the first 

pipeline register. xl and x2 move on one register. 

3)xl is multiplied by c02 , added to (xl.cOl) and latched 

into the next pipeline register. x2 moves on one 

register. 

20 4 ) x2 is multiplied by c03 and added to the result of 

(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04. Since data is kept 
in carry-save format through the multipliers, this adder 

25 is also used to resolve the data from the multiplier 

chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

30 . saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
3 5 multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three para 1 led -and. identic* 1 datapaths 
one for each output. 

To achieve the reset state described in Section C 9 2 
each of the three "components" must be reset in a different 
way. in order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r + 
lm_valid_r). The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding 10 levels of data when 
15 stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION C.10 Output Controller 
c.io.i introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 

registers 

•It adds a border around the video window, if 
q required 
U3 C.io.2 Ports 

:j I 5 Input two wire interface: 

W «in__valid 
!H •in_accept 
Ld *in_data[23:0] 
jU Output two wire interface: 

m 20 •out_valid 

H •out_accept 
j 3 »out_data [ 23 : 0 ] 

I 8 *. # ou tractive 

•out_window 

2 5 •out_comp[ l : 0] 

in_ vsync, in_hsync 

nupdata(7:0] , upaddr[4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
pho, phi, notrstO, notrstl 

3 0 c. 10'. 3 Out Modes 

The format of the output is selected by writing to the 
opmode register. 
C. 10. 3.1 Mode o 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
directly to the output. 
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C. 10. 3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in__data [ 2 3 : 1 6 ] 
is Y, in_data[15:8] is Cr and in_data[7:0) is Cb. 
C. 10 . 3 . 2 . 1 Mode 1 

In 16-bit YCrCb, Y is presented on out_data [ 15 : 8 J . Cr 
and Cb are time multiplexed on out_data [ 7 : o ] , Cb first. 
Out_data[ 23 : 16 ] is not used. 
C. 10,3. 2.2 Mode 2 

In 8-bit YCrCb, Y , Cr and Cb are time multiplexed on 
out_data[7:0) in the order Cb, Y , Cr, Y. Out_data ( 2 3 : 8 ] is 
not used. 

CIO. 3. 3 Output Timing 

The following registers are used to place the data in a 
video display window. 

•vdelay - The number of hsync pulses following a vsync 
pulse before the first line of video or border, 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines, 
•width - The width of the video window, in pixels, 
•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
25 The minimum vdelay is zero. The. first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+i 
cycles . 

30 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
border_r, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blank_r, blank_g and blank_b. Note that the multiplexing 

35 performed in output modes 1 and 2 will also affect the 
border and blank . components . That is, the values in these 
registers correspond with in_data ( 2 3 : 16 ] , in_data ( 1 5 : 8 ] and 
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in_data [7:0], 
C.10.4 Output Flags 

•out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
• out_window indicates that the output data is part of 
the video window. 

•out_comp[i:0] indicates which color component is 
present on out_data [ 7 : 0 ] in output modes 1 and 2. In 
mode 1, 0=Cb, l=Cr. In mode 2, 0=Y, l=Cr, 2=Cb. 
C.io.5 Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing 1 to the two wire register. It is not selected 
following reset. m two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
C.io.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
c.io.7 How it Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
its terminal count. "Hcount" decrements on every pixel and 
loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C.ll The Clock Dividers 

C.ll.i Overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE_CLK and 
5 one to generate an AUDI0_CLK. The Clock Dividers are 
identical and are controlled independently. Therefore 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 
10 addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -o to 
-16,000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16 
This is because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. As the maximum clock frequency available is 
20 sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 8, else the 
divided clock output will be driven to the positive power 
rail. 

25 c.ii.2 Using a clock Divider 

The address map for each Clock Divider consists of 4 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
20 access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.lO.i. The Clock 
Divider is activated by sensing a synchronized o to l 
transition in its access bit. The first time a transition 
is sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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the divisor has also been altered) will merely cause the 
Clock Divider to lock to its new frequency "on-the-fly 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET. 

Table C.io.i clock Divider Registers 



Address 


Register 


00b 


access bit 


Oib 


(JMsof MSB 


10b 


divisor 


tib 


divisor LSB 



10 



15 



20 



25 



Any divisor value in the range 16 to 16,777,216 may be 
used . 

C.11.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
which are cascaded such that as one counter carries, it 
will activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 

After carrying, the counter will reload with divisor/8 
and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by di fferent • clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
the PLL. 

C.XX.4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C. 12 Address Maps 

C.12.1 Top Level Address Map 

Notes : - 

DThe register for the Top Level Address Map as set 
forth in Table C.li.i are the names used during the 

design. They are not necessarily the names that will 

appear on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 





REGISTER NAME 


Address 


Bits 


COMMENT j 




I SU EVENT 
\ — — 


0x0 


8 


Write 1 to reset 


=0 


QM UiCV 
3 W _ ^ ^ JI\ 


0x1 


8 


R/W 1 

1 






0x2 


1 


R/W . | 




aij ',v_nnB f~oo cm 


0x4 


2 


R/W 


i 




3u_WAC0R_ACCESS 


| 0x5 


1 


R/W- access ;' 


I z I 


j SU_WA00R_CTL1 


0x6 


j 


R/W j 




3U_0I SPAO0fl.LINESjN_LAST.HOW0 


0x8 


3 


R/W 1 


o 

iU 


I 3U_DlS?AC0fl_LINES_IN_LAST_ROWl 


0x9 


3 


R/W j 




3U_QlSPA00R_UNESjN_LAST_flCW2 


Oxa 


3 


R/W j 




3U_ClS?A00fl_ACCESS 


Orb 




R/W- access | 




BU.OISPAOOR.CTLO 


Oxc 


8 


R/W j 


i 
1 


3U.CISPA0DH.CTL1 


0x6 


1 


R/W | 




3U_3M_ACCESS 


0x10 


1 


R/W- access | 




8U.BM.CTL0 


0x11 


2 


R/W | 




SU.BM.TARGETJX 


0x12 


4 


R/W | 




BU_BM.PRES_NUM | 


0x13 


8 


R/W- asyncft r on ous 


1 


k 


3U_9M_THIS_PNUM | 


0x14 


8 


R/W j 


1 

J 


3U_3M_PIC_NUM0 [ 


0x15 


8 


R/W j 




=U_=M_PIC.NUM1 


0*16 


8 


R/w ; 


| 3u.3M_PlC_NUM2 


0x17 


8 


R/w ; 




3U_3M_7zMP_HEr j 


0x18 


5 


no 



10 



Table C.li.i 



'op-Level Registers A Top Level Address Map 



_A00RGEN_KEYHOL£_AD0R_MS3 | 0x2 



3t-LAOORGEN_KEYHC_£_OATA 



3U.AOORGEN.KEYHOL5_AODRJ.SS I 0x29 



0x2a 
0x30 



Rav- Adcress ;ener a:or j 

*eyhde. See j 

"aDie Z.W.2 for contents 
RAV 



Table .c. n.i Top-Level Registers A Top 
Level Address Map (contd) 




They are uniifc. ty to appear on the datasheet. 
6U_8M.PRES.FUVG , 0x(J0 




Table c.11.1 Top-Level Registers A Top Level 
Address Map (contd) 



k. s 




Table c.ll.l Top-Level Registers A Top 
Level Address Map (contd) 
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i REGISTER NAME 


j Address 




Sits 


COMMENT 




| dU.lF_S^P0_l 


Cxo8 


1 


8 rVW . Thr«» *r.acr*r* -n. 




3UjF_SNP0_0 


| 0x59 


1 
I 


8 






3UJF_SNPl_t 


OxOa 


! 


8 


(Me <trirr.it rata cl::_:s. 




3UJF.SNP1 J) 


| Oxoo 




8 






| Oxbc 


a 




i 


3U_IF_SN?2_0 


| OxOd 


a 


i 

i 




3U_IFRAM_A00R_1 


) OxcO 


i 


RAV * upi access ;t ;F Ram : 


1 3UjFRAM_A0OR 0 


1 °*' | 




a 


BUJFRAM^O ATA 


0xc2 | 




8 


i 
i 


j 3U.OC_SNP,3 


| 0xc4 j" 




8 




| 3'J_OC_SNP_2 


1 °«* | 




8 


j 

chip j 


| 3u_cc_snp_i 


0xc6 I 


8 


j 3U_CC_5NP_0 


0xc7 


3 




j 3U.YAPLL.CONRG | 


OxcS | 


8 


RAV • 


' SU_3M_FRONT_BYPASS 


Oxca 


1 


t 

RAV j 



Table c.li.i Top-Level Registers A Top 
Level Address Map (contd) 

C.12.1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

1) A11 registers in the address generator keyhole 
take up 4 bytes of .address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole. 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



i 
i 

j Keyhcie =9^is;er Name 

1 


t 


I - - 
; =!:s 


j 

■ Corr.rr-.er.-3 


• =U_OIS?aCCR.3UF. = ==0_3aSE_MS8 


i - xo i 


* 2 


; :3 ->( 


3U O'SrADDR 3UrF"0 = MlH 


j 0x02 


i a 




3u QISPAOOR 3uF?=— n sac? ■ ;a 

i 


0x03 


! 3 

1 
1 


j Musi _e 
| toaced 


3U_0lS?AD0R_3UFF =R i _3aSS_MS8 


OxOS 


i 2 


Must se 


3U_QlS?AC0R_3UFr_Rl_3ASE_Ml0 


0x06 


1 a 


Loadea 


t 3U_OlS?AOOR_SUFr=Rt_3AS=_LSB 


0x07 


! 3 




| 3U_ClS?AOOR_3UFr=R2_3AS£_MSB 


| 0x09 


i 2 


Must be 


I 3U.OISPaDCR_3UFFER2_SaSE.MIO 


0x0a 


8 


Loaded ■ 


| 3U_0ISPACCR_6UFF=R2_3ASE_'.SB 


0x0b 


1 * ! 




| eU_OLOPATH_LINE0_MS3 


OxCd 


i J i 


Test oniy : 


j 3U_DLCPATH_UNE0_MI0 


OxOe 


! ' ! 


j 


2U_OLDPATH_LINE0_LS3 


CxCf 


i 3 ! 


i 

f 


j 3U.DL0PATHJ.INE1. MSB 


0x»1 


i 2 ! 


Test only 


| 3U_0LCPATH_LINE1_MI0 


0xt2 


19 1 




1 3U_0L0PATH.UNE1.LSB 


0x13 


M 1 




3U_0L0PATH_UNE2_MS3 


0x15 


2 ! 


Test only 


3U.OLOPATH_UNE2.MIO 


0x16 


3 


1 


3U.OLOPATH_UNE2.LSB 


0x17 


8 




3U.DLDPATH_VBCNT0_MS3 


0x19 i 


2 j 


Test only 1 


| 3U_DLDPATH.VBCNTO.MIO 

1 " 


Oxia j 


3 


1 


! 3U_OLDPATH_VBCNT0_LS3 j 


0x10 1 


3 1 


l 
t 


j 3U_0LG?ATH_VBCNTt_MS3 | 


Oxtd i 


2 


'est criy i 


; 5U_0L0PATH.VBCNTl.MlO | 


Oxie | 


■ | 




; 5U.0LC?ATH.V3CNTl_LS3 j 


OiH j 


3 i 




j 3U_CL0PATH_V8C.NT2.MS3 | 


Cr21 j 


2 j 


Test ony 


| 3U_0L0PATH_V3CNT2_MI0 | 


0x22 j 


» i 




j 3U_OLOPATH_V3CNT2_'_S3 | 


0x23 ! 


3 ! 
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le C.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



i Keynote Regtster Ma.-ne 

1 


j Keyncie 

i 

j AtfC-ess 


1 


1 

1 i 
j Cc.-rrrenis 

j . 


; au.OtSPACCP.CCMPO.CP^SET.MSa 


j Cx25 


j 2 


: Mus: :e 


i 5U_ClS?AOC3_CCW?0.OF=5=T_MiO 


j 0x25 


! 3 




| 3U_CISPAOCR_CCMP0_OFF5ET_LS3 


0x27 


\ 9 


1 


] 3U_C!S?ACCR_CCMPl_OF=S-.7_MSa 


0x29 


| 2 


j Must 2e 


! 3 U _ 3 ! S ? AC C S JZ CM P t .OFF 3 ET_M10 


Cx2a 


I 3 


1 i — - 
! L^acec 


| 5U_0lSPACCR.COM? !_CFFS=T_LS 3 


j 0x20 
i 


1 


| 


; 3U_D!S?A0CR_CCM?2_OFF5S7_MS3 


0x2d 


1 2 


Must : e 


| 3U_OIS?AOOR_CCMP2_OFF5ET_MIO 


0x2e 


1 


Loaded ' 


aU_OfSPACCP4_CCMP2.OFF3eT.LS3 
j — 


0x21 


9 


I 


! 3U_0IS?ADCR_CCMP0_VSS_MS3 


1 0x31 


1 2 


1 Mrc; -a | 


! 3U OlSPACCR COMPO V8S MIO 
t ~ 


0xG2 




1 

| Loacec 


* 3U_CISPA0CH_CCM?0_VBS_LS3 


! 0x03 


! 3 




i 3U.01SPA00R CCMP1 VBS MSB 


0x05 


i 2 

1 


Mus;5e | 


1 3U DISPADOR C0MP1 VBS MIO 
1 - - 


0x36 


8 


Loaded j 


3U_0lS?AOCfl_COMP 1 _VBS_LS3 


0x07 


a 


1 ! 


| 3U_D1S?AD0R_C0MP2.VBS_MSB 


0x39 


2 

1 


Must 2fl j 


1 3U_QlSPAODR_COMP2_VSS_MlO 


0x3a 


a 
9 


Leaded ; 


j 3U_0ISPAD0R_COMP2_VBS.LS8 


0x30 


3 


i 


3U_AOCR.CCMP0_HBS_MS8 


0x3d 


2 


Must se 




3U_ADOR_COMP0_HBS_MlO 


0x3 e 


a 


Loaded 




BU_AO0R_COMP0_H9S_LSB 


OxOf 


3 


■ 




3U_AO0R_COMP 1 _HBS_MSB 


0x41 


2 1 


Must se | 


3U_AODR_COMPl.HBS_MID j 


0x42 

1 


3 


i 

Loaced ; 


3U_AOOR_COMP1_HBS_LSB 


0x43 1 


3 


i 


!* 3U_AOOR_COMP2_KeS_MSB 


0x45 I 
i 


2 


Must ; 


i a U ADDfl COMP2 H9S MID 


0x46 j 


a 


Loaded 


3U_AOOR_COMP2.H3S_LSB 


0x47 | 


3 




! 3U_0!SPA0DR_COMP0_H8S_MSB 


0x49 


2 


Must se j 


1 SU_CtS?AOCR_CCMP0_HBS_MtO 


0x4a 


9 i 


Lcaced 


' SU_OISPACCR_CCMP0_HeS_LSB 


0x40 | 

i 


9 ! 




5U_DlS?ACCR_C0MPl_HBS_MSB j 


0x4d j 


2 ! 
i 


Mus: ~e 


3U_CISPACCR_CCMP ! _HBS_MlO 


0x4, j 


3 ! 

i 


Loaded 


; au_cisPA00R_C0Mpi.HBS_i.SB I 


0x41 | 


a ! 
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le C.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhcie -tester Mane 

I 


t 


\ 3-ts 


1 

■ Zcrr.rr.er.'^ 


| 5U.C:SPACCR_CCMP2_HE3_MS3 


i Cx5t 


' a 


m.s; re 


3U_0lS?ACOa_COMP2_H35.MlO 


j CxS2 


; 3 




3U.ClSPACDfl.COMP2_H9S.LS8 


| Ox S3 


1 3 


• 


BU_OlS?ACGfl_Cf^T.L£FT0_.MSB 


! 0x55 


! 2 


I Tes: zr.'.y 


j 3'J_ClS?ACDfl_CMT_L=FT O.MIO 


j Cx£5 


i 3 


i 


j 3U.ClS?ACOfl_CNT.L£=T0.LS3 


j Cx57 


■ 3 


1 
t 


3U_ulSPA0CH_CNT_L==Tl_WS3 


| 0x59 


! 2 


Tes; cniy . 


3U_CIS?A00R_CNT_L==T1_MI0 


| 0x5a 


j 3 


1 


3U_0ISPAC0R_CNT_LEFT 1 _LS8 


0x5b 


I 8 


i j 


aU_0!S?AOOfl_CNT.L=?T2_MS3 


! CxSd 

i 


1 2 


; Tes: -niy \ 


3U.OISPAOOP._CNT.LEFT2_MIO 


Ox5e 


1 3 


! : 
t 


| 3U_ClSPADCR_CNT_LEFT2_LSa 


1 0x5/ 


! 3 


i 


3U_C1SPACCR.PAGE_ADDR0_MS3 


j OxGI 
I 


! 2 


j Tes: cniy ! 


9U.CfSPADOa_PAG£_AODR0_MiO 


0x62 


1 3 


i \ 


3U_0lS?A0OR_PAGE_AODR0_LS3 


j 0x63 


1 » 




3U_0iSPACOfl_PAGE_ADOR1.MS3 


0x65 


! 2 


j Tes: sn.y \ 


3U_0lSPADDR_PAGE_A00fl1_MI0 


0x66 


i 3 


\ 


3U.0ISPACDR.PAGE_A00RI.LS3 


1 0x67 


1 a 


I ' | 


3U.DtSPAOOR_PAGE_AOOR2.MS3 


0x69 


2 


Tes: on:y j 


8U_OISPAOOR_PAGE.AOOR2.MIO 


0x6a 


s 


i 


8U.DISPAD0R_PAGE.A00R2.LS8 


0x6b 


a 


i 


8U_0ISPAODR.8LOCK_AO0R0.MS8 


OxSd ■ 


2 


Test zr:y 


3U_0lSPAOOn_8LOCK.AO0fl0.MlO 


0x5e < 


3 


i 
■ 


9U_DISPA00R_BLOCK_A00R0_LS8 | 


0x6f j 


3 1 




8U_0lSPA00n_8LOCK_A00Rl_MS3 | 


0x71 | 


* ! 


Test cniy 


8U_0iSPAD0R.3LOCK_AD0R1.Ml0 


0x72 | 


9 




3U_0lSPA00fl.BLOCK_AD0Rl_LS3 | 


0x73 j 


e 1 




BU_D1SPAOOR.9LOCK_AOOR2.MS8 j 


0x75 J 


2 i 




"est zr.:y 


3U_3lS?ACOR_BLOCK_ADOft2_MIO 


0x76 | 


a i 




3U_ClSPA00fl.9LOCK_A0DR2.LS3 


0x77 1 


8 ! 




SU.DiSPAOOR.BLOCKS.LErro.MSB i 


0x79 ; 


2 ' 




"es: zr -,- 


3U_OlSPAOOR.9LOCKS_LE?T0_MtO j 


0x7a ! 






3U_CiSPADCfl_BLOCKS_LEFT0_LS3 1 


0x7. j 


» i 
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le C.il.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Address - 


3.LS 


! t 
; i 

! Cc-.rr.er.'j : 

: ! 


5u.DiS?AC0R_2LCCKS_L~l.MS3 


0x7d 


! 2 


i ~es: zr.,f ; 


3U.0iSPAC0H_3LOCKS._HrT J _MI0 


0x7e 


3 


! 


SU_DlSPA00R_3LOCKS_LE=Tl_LS3 


0x71 


8 


j 


3U_CIS?A0CR_3L0CKS_LEFT2_MS3 


0x8 1 


2 


Tes; only ; 

1 


8U_^lS-ACOH_3UOCKS.L£. r T2..MiO 


0x32 


a 




j 3U.C:S?AOOR_3LOCKS.LErT2.LS3 


0xS3 


3 


1 . 


j 3U_WAOOR_3UFr=R0_3ASc_MS3 


0x85 


2 


Must :e j 


3U„WACOR.3UFrcR0_3ASc_MlO 


0x86 


a 


Loaded | 


SU_WAOOR_3UFF=R0.SASE_LS8 


0x87 


8 


1 


] 9U_WAOOR_3UFF=R1_3ASE_MS3 


0x89 


2 


Must DG 1 


| 3U.WAC0R_3UFFERl.3ASE_Mi0 


0x8a 


8 


Loaded 


3'J.WA0CR_3UrF=R1_3ASE_US3 


0x8b 


8 




5U_WAC0R_SUFFSR2_3ASE_MS3 


OxSd 


2 


Mus; 5e i 
i 


3U_v/AO0R_3UFFE.R2_9ASE_MlO 


OxSe 


8 


Leaded j 

1 


3U_WA00R_3UFF=R2.3ASE_LS3 


0x8f 


8 


1 


2U_WAO0R_COMP0_HMBA0OR_MS3 


0x91 


2 


Tes l only 1 
t 


SU.WAODR_COMP0_HM8AD0R_MlO 


0x92 


8 


. 1 
J 


3U_WACOR_COMP0_HMBAOOR_LS8 


0x93 


• 1 


j 


5U_WA00R_COMP1_MMBA00R_MSB 


0x95 


2 


Tes: oniy J 


3U_WA00R_COMP1_HMBA0OR_MID 


0x96 


8 


j 


3U_WAD0R_C0MP 1 .HMBAOOR.LSB 


0x97 


8 


i 


3U.WA0DR_COMP2.HMBADOR„MS3 


0x99 


2 ! 

i 


Tes; cr.iy 


3U_WADOR_COMP2_HM8AOOR_MIO 


0x9a 


9 


j 


j 3U.WADOR_COMP2_HMBAOOR_LSB 


0x9b 


8 


i 


3U_WAC0R_COMP0.VMBAOOR_MS8 


0r9d 


* 1 


Test only j 


9U_WACOR_COMPO_VM8ADOR_MID 


0x9e 


• 1 


1 


3U_WA00R_COMP0_VM8AD0R_LS3 


0x91 




i 


3U_WACDR_C0MP1_VMBA00R.MSB 


Oxal 




Tesi anjy 


3U.WAD0R_CCMP1.VM8A00R.MI0 


0xa2 


8 


! 


3U_WAC0R_COMP 1 _VMBA00R.tS3 


0xa3 


8 


*• 


| 3U.WA0CR_C0MP2_VMBA00R_MS3 


OxaS 


1 * 


Tes: cr.iy 


j 3U_WA00R_C0MP2.VMBAD0R.MI0 


0xa6 


3 


1 


I 9UWA0GR COMP2 VM8AD0RLS8 


0xa7 


!' 


r 



# « 
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Table C.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhole Register Name 


Keyho:e 
. Address 

! 


1 

| 3ils 


• 

i 

Co cm en j 


3U_WACCa_VBACCr»_MS3 


j 0xa9 






3u_wAOon_v8Aooa.Mto 


Oxaa 


1 3 




9U_WAD0R_VBAD0H_LSa 


Oxab 


I 3 


1 

1 ' 


3U_WAO0fl_CCMP0_HALF.W!OTH_IN_BLOCKS_MSB 


0-srt 






3U_WAOCH_COMPO_HALF_W10THJN_3LOCKS mio 


Ova A 


i a 


| Loaded ; 


9U WAODR COMPO HALF WIDTH IN SLOCKS L ca 


Ovaf 

uxai 


p 

c 


1 : 
1 -i 


3U wADns rnupi mai P width im m noi^c uca 


UXO l 


« 


Must - e | 


9LJ WAC3DR fOMPl HA1 P WinTH IN At fWfC Uin 


UX0_ 


1 8 


Loaded j 


Qi i \a7 a nnc3 pnu o i u ai c ia/i^t—i iiu d i /-v* is e* ■ e* ^ 
3U_w«UUn - UUWr l __rlALr_WHJ 1 H_lN.BLUGK5_L5o 


0xb3 


3 




3U_WA_.L)H_L.tJMr'Z. H ALr*_WID Tr1_lN_3LUCK5_M5S 


0x05 


1 2 


Mus: 2e ' 

i 


ail W4HPIO (~C*lkAOO MAI C \AMP1T1J IM qi f-ss~is c uin 


0xb6 




Leaded : 


at i iav Afino (*rtuoi uai e lAjmT u t ki qi - i^i^e i 
•"J— "«UUn_VrfUMr^_rlALr_VVIU I H_ i> [P*__LUCI\5_L59 


0xb7 


I 3 
i 




ai i u/Anno uo ucq 

3 L»_ YY AUUn_ro_MoO 


0xt)9 


2 


— t 
Test onty { 


aii v>/ unno us uir\ 
3u_WAUJn_Mo_Mlt) 


Oxba 


I 9 


j 
1 


ait oua n Pica ua t co 


Oxbb 


1 8 ■ 


! 
i 


qii u/Aftno f jqa nccetT urn 


Oxod 


2 


Mus: oe • 


3U.WAUUn_tDMrg_Qrr5fcT_MID 


Oxbe 


8 


i 

Loaded : 


9 U _WA DD R_C OM P 0_O r F5 ET.LS B 


Oxbf 


a 1 

8 1 


i 

! 


3 U _WA D 0 H_C OMP 1 _0 FFS ET_MS B 


Oxcl 


2 


Must oe j 

i 


B U _WA D D H_COMP 1 _u FF5 ET_MI D 


0xc2 


9 


j 

Loaded \ 


qii u/Anna rnuat rtccecr i e o 
oU_WAUUn_l,UMri_Urrot l_Ljo 


UXCJ 


a 
a 


1 
i 

! 


at i u/Aono f*rttio^ nrec ct uen 


UZC3 




mus* ce • 


at t uuAnna j o - ^ weeeeT win 
SU.WAUOn^OMri.OrrSt 1 _MI U 


UXCO 


a 


Loaded j 


BU.WA00fl_COMP2.OFFSETJ-SB 


0xc7 


o 
a 




"3U.WA0DR_SCRATCH_MSB 


0xc9 




1 Co4 \J* My I 


3U_WA00R_SCflATCH_MI0 | 


Oxca 


9 


( 
1 


3U_WADDR_SCRATCH_LS8 | 


Oxcb 


8 


1 


9U_WA0DR_MBS_WIDE_MSB 


Oxcd 


2 


Must oe ; 


BU_WA00R_MBS.W1OE.Ml0 


- Oxca 


8 


Leaded 


9U_WAC0R_MBS_W10E_LSB 


Oxcl j 


• 1 




S'J_WA00R.MBS.HIGH_MS3 I Oxdl 


2 i 


Must :e 


| aU_WAODR_MBS_HlGH_M.D j 


0xd2 j 


8 l 


Loaded 


3U_WAC0R_MBS.H1GH.LSB 


Ox<33 | 


8 1 
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Table c.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Regisier Name 


Keynole 
. Address 


3its 

wl L_» 

l 


£crr.rrer.:s 


5U_WAC0R_CC\1?0_LAST_M9JN_RCW_MS3 


j OxdS 


1 * 




3U.VMCCR.COMPO.LAST_M9_IN_3CW_.MIO 


| OxdS 


I 3 


j Lcarec 


| 3U_WACCR.CCMP0_LAST_M8JN_RGWJ.S3 


| 0xd7 


1 3 

1 




j 3U_WACCa_CCMP 1 _LAST_M8 JN_RCW_MS8 


| 0xd9 


2 


M.s: 


3U_WA0DR_C0MPt_LAST_M8_IN_RCW_MI0 


| Oxda 


a 




3U_WACCa_CCMP i _l_AST_M9_!N_ROW_LS3 


Oxdb 


1 8 




3U_WACCR.CCMP2_l_AST_M9JN_ROW_MS3 


Oxdd 


2 


Mus; 23 i 


aU_WA30P_COMP2_l_AST_MBjN.ROW_MlO 


Oxde 


a 


1 — ____ t 


BU_WA00a_CCMP2_LAST_MBJN_P.CWJ.S8 


Oxdf 




i 


aU_WADCa_CCMP0_LAST_M3jN_HALF_ROW_MSB 


Oxei 


2 


1 Mus: re 


3U.WAOOR_CCMPO - LAST_M8JN_HALP_ROW_MIO 


0xe2 


a 


Leaded 


3U.WACOR_CCMPO_LAST_MBJN_HALP_ROW_LS8 


0xe3 


a 




3U_WA00R_COMPl_LAST_M8JN_HALF_ROW_MSB 


OxeS 


2 


Must oe | 


au.wAooa jtomp i _last_mb jnjhalf.ro w_m»d 


0xe6 


8 


i 

Loaaed ; 


3U_WAD0R_COMP1_LAST_MB_IN_HALF_aOW_LS8 


0xe7 


a . 




j 9U_WAOCR_CCMP2_LAST_MBJN_HALF_ROW_MSB 


0xe9 


2 


Mus; _ e { 


| 3U_WA00R_COMP2_LAST_MB_IN_HALF_ROW_MI0 


Oxea 


a 


i 


1 — . — . — 

j 3U_WA00R_COMP2_LAST_M8JN_HALP.ROW_LSB 

I — 


Oxeb 


a 




3U_WAC0R_COMP0_LAST_ROW_IN_M3_MS3 


Oxed 


2 


Mus; oe ' 


9U_WADDR_COMP0_LAST_ROWJN_M8_MI0 


Oxe« 


8 


Loaded < 


3U_WA0DR_COMP0_LAST_ROW_IN_MB_LS3 


Oxer 1 


8 


f 


8U_WACOR_COMP1_LAST_ROW_IN_M8.MS8 


Oxtl 1 

1 


2 


Mus; ze 


3U_WADCR_COMP1_LAST_ROW_IN_MB_MJD 


0xt2 


8 


Loadeo ' 


3U_WADDR_COMP 1 _LAST_ROW_IN_M8_LSB 


OrtO 


a 


i 


3U_WADOR_COMP2_LAST_ROW_IN_M8_MS3 


OxtS 


2 


Musi 5e ! 


3U.WAOOR_COMP2_LAST_ROWJN_M8_MIO 


0x16 


8 


Lea red 


3U_WACCR_COMP2_LAST.ROW_IN_M8.LS3 


Oxf7 


8 




3U_WA0CR_COMP0_9LOCKS_?ER_M8_ROW_MSB 


0xt9 


* ! 


Mus: :e 


3U_WACOR_CCMPO_8LOCKS_PcR_MB_ROW_MlO 


Oifa 


a i 


Loaded 


| 3U.WAC0R_COMP0_9LOCKS_?ER_M8_ROW_LS8 


Oxib 


o 1 




! 3U_WACOR_COMP1_9LOCKS_PER_MB_ROW_MS8 


Oxfd 


' ! 


Mus; =e 


| 3 U _WA C0R_CCMPt _3LOC KS _P S R _MB_ROW_MI 0 


Oxfe 


a 


Loacec 


| 3U_v/ACCR_COMPt_3LOCKS_PER_MB_ROW_LS8 


Oxfl 


8 f 





Table c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



j 3U_WAODn_COMP1_H6S_MIO 



Keynae Register Name 

i 


Keynote 
*A,_r_SS 


3;*Ji 


1 ; 

! c — i 


: 3U_WACCR_CCM?2_3LCCKS_PE.=»_VB_.=50VV. 


_MS3 


CxiOl 


c 


' Mus; :e f 


; 3U_'.VACC3_COMP2_3LOCKS.PEa..MB.aow. 


.MIO 


Ox: 02 


8 


' Leaded i 


; 3L , _VMCCR.CCMP2_9LCCKS_?E^_M9_PCW, 


.LS3 


Ox 103 


a 


i ! 


| 3U_WAC0R_CCMP9.LAST_MB_ROW_.MS3 


! 


Ht t 

■J * i U3 


c 


| Musi ;e . ' 


; 3*J_'.VACOR_CCMP0_LAST_M8_RCW_MiO 




a 


1 ! 

! Loaded | 


i 3U_ , ,VAC^R_C0MP0_LAST_MB_ROW_LS3 


I 


A» i rtT i 

JltQf I 


s 


f 


; 3L'.VVACCR_CCMPl_LAST_M8_ROW_MS8 


i 


Cxi 09 [ 


2 


j Mw::e 


i 


j 3L'_\VAC:OR_COMP1_LAST_M8_ROW_MIO 


I 


Cxioa | 


3 


Loaced 




3U_WA0CR_COMP t _LAST_M8_ROW_LSB 


i 


Oxioe | 


a 
0 






3U_WACCR_COMP2_l_AST_W8,ROW_MSS 


I 


OxlOd | 


2 


! Mus;;e 


3L , _WACCR_CCMP2_LAST_MB_ROW_MIO 


I 


OxtOe j 


a 


i 

Loaded j 




3L'_'>VACCfl_CCMP2_LAST_MB_RCW_LSa 


I 


OxlOf j 


9 ! 




3U_WAOCR_COMP0_HBS_MS8 


i 


Ox 1 11 | 


2 


Mus: j 


3L'_WACCR_COMP0_HBS_MID 


I 


0xi12 j 


a 


» 

Lease, | 


3U_WAC0R_COMP0_HBS_LSB 


j 0x113 | 


8 i 


i 


5U_WA0DR_COMP 1 _HBS_MSB 


j 0x115 | 


2 i 


Mus; £e j 



0x11$ 



3U_WAC0R_COMP1.HBS.LSB 


|- 0x117 


8 


| 3'J.WACCR_COMP2.HBS_MS8 


0x119 






j 3U.WAOOR_COMP2_HBS_MIO 


Oxlia | 


a 


I 

! Loaded 


| 3U_WA0DR_COMP2_.HBS_.LS8 


Ox no | 


a 


■ i 
j | 


| 3U_WAOOfl_COMP0_MAXH8 


Oxnr | 


2 


| Musi.e j 


BU_WACOR_COMPt_MAXHB | 


0x123 | 


2 


i J 
1 Loaded 


3U_WAOOR_COMP2_MAXHB | 


0x127 | 


2 


I ! 


3Lf_'.VACOR_COMP0_MAXV8 | 


Cxl2b 1 


2 


| Must re 


SU.WAOOR.COMPl.MAXVB | 


Cxi2f | 


2 


i Leaded i 


SL!_WACOR_COMP2_MAXV3 j 


Cxl33 


Z 


; 1 

i : 



C12.3 Horizontal Upsaapler and Color Space Converter 
Keyhole- • 
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•11.3 H-Upsaraplers and Cspiee Keyhole Address 



Keyhole Pe^isier 
Name 


Keyhcie 
Address 


Bits 


Comment 


SU_UHO,4C0_t 


0x0 


I s 

1 


PAV- Coeff 0 0 


3U.UHC_A00.0 


Oit 


8 




BU.UHO.AOl.t 


0x2 


S 


PAV* Coeff 0 1 


3U.UHO.A01.0 


1 0x3 
I 


1 8 
i 




3U.UH0.A02.1 


0X4 


5 


PAV- Coerf O 2 


8U_UH0_AC2_0 


OxS 


a 




BU_UH0_A03_1 


0x6 


c 

J 


pvw« i^oerr u,u 


3U_UH0_A03_0 


0x7 


a 
o 




8U_UH0_A10_1 


0x8 


c 
3 


rvw- v^oeir 1,0 


8U_UH0_A10J) 


0x4 


a 
o 




8U_UH0_A1 1_1 


Oxa 


e 

3 


rVW- L. Oe n 1 , 1 


BU_UH0_A1t_0 


0x0 


o 
o 




BU UHO A12 1 


Ore 


e 
3 


rvw- i_oen i ,2 


BU UHO A12 0 


Oxd 


o 




BU UHO A13 1 




e 
3 


rWV- Coeff 1 .3 


BU_UH0_A 1 3_0 


Oxf 


a 

V 




BU UHO A20 1 


0x10 




rvw- L.oen 2.0 


BU UHO A20 0 


0x1 1 


O 




BU UHO A21 1 


0*12 


c 

3 


rVW- L-Oen Z, 1 


BU UHO A21 0 


0*1 1 


a 




BU UHO A22 1 


0x1 4 


3 


rWV- UOfin ^.i 


BU_UHO_A22_0 


0x1 S 


a 




BU UHO A23 1 


0x15 


e 


rvw- i«ocn a. J 


BU_UHO_A23_0 


0x17 


8 




BU_UHO_MOOE 


0x18 


2 




BU_UH1_A0O_1 


0x20 


s 1 


RAY- Coeff 0.0 


BU_UH1_AOO_0 


0x21 


a | 




3U.UHl_A01_t | 


0x22 


5 


FVW- Coeff 0.1 


BU.UH1_A01_0 


0x23 


S 




3U.UH1_A02_1 | 


0x24 


5 


HAV- Coeff 0.2 


BU_UHI_A02_0 | Cr25 


a 




3U_UHi_A03_l | 


0x26 


5 


PAV- Coeff 0.0 


BU_UH1_A03_0 | 


0x27 


a 





t 

11.3 H-Upsamplers and Cspace Keyhole Address Map 





Keyhote 
Address 


3ia 

1 


| 1 
1 Ccmrr.enl , 

I ! 


3 : J_'Jr: !_A lO_I 


j 0x23 


1 5 


= /.v* Ccert t .o j 


BUJJ'n 1 _A 10_0 


0x29 


8 


1 


5U_'JH1_A1t_1 


Cx2a 


5 


RAV. Coeft i.i 1 




t 

0x2!) 


8 


i 


3'JJJHt_Al2_t . 


i 

0x2c 


S 


aw- Coeff \.2 j 




Cx2d 


8 


• 


i 

SU.UHI.AID,! 


1 

0x2e 


5 


RAV. Coeff 1.3 j 

i 


3U_JHt_Al3_0 


Cx2f 


8 


1 


3U_'JH1_A20_t 


0x30 


5 


RAV- Coeft 2.0 1 
1 


3U_'JH ! _A20_0 


0x31 


8 


1 


3U_UH1_A21_1 


0x32 


5 


RAV- Coeft 2.1 j 


SUJJH1_A21_0 


0x33 


8 


i 


9U_UHt_A22_1 


0x34 


5 


RAV- Coeft 2.2 1 
1 


3U_UH1_AJ22_0 


0x35 


8 


i 


3U_UHT_A23_1 


0x36 


5 


RAV- Coeft 2.3 j 


9U_UH1_A23_0 


0x37 


8 


1 
1 


3U_UH1_MOOE 


0x38 


2 


RAV j 


SU_UH2_A00_1 


0x40 


5 


RAV- Coeft 0,0 




BU_UH2_A00J) 


0X4 1 


8 






BU_UH2_A01_t 


0x42 


5 


RAV- Coeff 0, 1 j 


9U_UH2_A0t.0 


0x43 


8 


1 


j 

BU_UH2_A02_t 


0X44 


5 


RAV- Coeft C.2 




j 

BU_UH2_A02.0 | 


0x4S 


8 






i 

9U_UH2_A03_1 


0x46 


5 


RAV- Coeff 0.0 j 


i 

3U_UH2_A03_0 


0x47 


8 


1 


i 

BU_UH2_A10.1 


0x48 | 


S 


RAV- Coeft i.o 




9U_UM2_AI0.0 


0x49 


8 






3U.UH2_A11_I 


Cx4a 


S 


RAy-Coerfi.t ] 


3U.CH2.A1I.0 


0X40 


8 




3U.'JH2_A12_1 


0x4c 


S 


RAV- Coeft t.2 j 
» 


3U_'JH2_AI2.0 


0x4d 


8 


» 


3U_UH2_A13_1 


Cx46 | 


5 


rVW- Coeft 1.3 1 

i 


BUJJH2.A13_0 | Cx4f 


8 


i 



4 
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Table c.xi.3 H-Upsamplers and Cspace Keyhole Address „ ap 



Keynote Register 


Keynote 






Name 


Aderess 


sits 


| Comment 
J 


1 9U_UH2_A20_t 


CxSQ 


S 


j =AV-Coe«2.0 


3U.UH2.A50.0 


0x5! 


h 


I 


9U_UH2_A2I_1 


0x52 


5 


I PAV- Coef! 2. 1 

1 


3U_UH2_A21_0 


0x53 


3 


1 
| 


3U_UH2_A22_I 


j Cx5-i 


5 


PAV- Coetl 2.2 j 


3U_UH2_A22_0 


0x55 


h 


i 1 


3U_UH2_A23_1 


0x56 


5 


PAV- Coeft 2.3 


BU.UH2_A23_0 


0x57 


a 




BU.U^.MOOE 


0x58 


2 


| PAV 


BU_CS_A00_1 


0x60 


5 


pav j 


9U_CS_A00_0 


0x61 


8 


J 


3U.CS.A10.1 


Cx62 


5 


J 1 


3U_CS_A10_0 


0x63 


8 


1 1 


9U.CS A20 1 


0x64 


5 


1 ?AV ' 

1 


3U.CS.A20.0 I 


0x65 


a 


i 
1 


SU.CS.SO t I 
I 


0x66 


6 




9U_CS_80 0 I 

i 


0x67 


8 


} 

I 
i 


9U.CS.A01.1 


0x68 


5 


PAV | 
I 


8U_CS_A01_0 


0x69 


» 1 
1 


! 


8U_CS_A11_1 


0x6 a 


5 ! 
1 


PAV | 


BU.CS^AHJ) 


0x6b 


a 1 

1 




BU.CS.A21.1 


0x6c 


5 


PAV 




9U_CS_A21_0 


0x6d 


a 






9U_CS_8l_t 1 

i 


0x6a 1 
l 


6 1 


PAV 




BU.CS.Bl_0 1 

I 


Oxer 1 

1 


8 


1 


BU.CS - A02_t 


0x70 


s | 


RAV 




9U_CS_A02_0 | 


0x71 


a 






BU_CS_A12_1 


0x72 


s i 


PA 4 / | 

1 


9U_CS_A12_0 | 


0x73 


8 ! 


t 
1 


3U_CS_A22_J | 


0x74 


s 1 


P/W j 


3U.CS.A22.0 | 


0x75 


a i 


! 

j 


3U.CS.82.1 | 


0x76 


s i 


PAV | 


3U_CS_32.0 | 


0x77 


• ! 
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SECTION C. 13 Picture Size Parameters 

C.13.1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
from the write address generator. Note that the picture 
size parameters can be changed "on-the-f ly " by sending 
combinations of HORIZONTAL_MBS , VERTICAL_HBS , and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 
arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be more 
efficient to detect the arrival of all of the events before 
performing any calculations. 

It is possible to write specific values into the picture 
size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

C.i3.2 Interrupt Processing for Picture Size Parameters 

There are five picture size events, and the primary 
response of each is given below: 



t 
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Ioad(nbs_vide! : 
else ii C^is.tver.t) 

else if (def_sa-?0_evern:) 
( 

load {MJthhi j; ) ; 
load (Mjr/is[C! ! ; 

> 

else if tdef_sa.-rpl._e vent) 
t 

13 load {fsaxhbd! ) ; 

load (n*xvbU;i: 

■~ else i! 'def_sa.rp2_ever.tJ 

|xl load (-^xhi[2! I : 

load (m_jcvb(2| ) : 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

it ( . w jr±s_<v«.n" | | vTv_s_ever.t | | 

dei - sax-pO_event | | de;_sa.-spl_event | | de C_ **.•?-? 2 _ever. r ; 

frr ( i * 0 ; i <-ia,x_cc.Tpcner.t ; i — » 
( 

^siil - -<-ir_J_5s t i 1 » (--axh_*(il -1) • xfcs_-i_«; 
r.*i;_-id:h_i-_Mccks til * ( toajthft ( i ) *1 ) * ris_-ri-ei / : .- 
las:_Ti_in_7cw[i | . !_:s(i| - (.-aaxhb(i) -I) : 
:ast_r_j_ir._hai;_rc«i il « hal *_wid_h_in__Iecks ( i : - 
-aj<__3{ii-L) ; 

lascircw_in_nb(ij • h_s(i| • raaxvMU; 
_loc*s_p«r_nb_row(H . lasc_row_in_tri(l| * t_:sCi;: 
las:_.^_row( i| - blocks_per_ri_row(i] • !ris..M;"r.- 1 * : 



# • 
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Although it is not strictly necessary to modify the 
dispaddr register values (such as the display window si 2e , 
in response to picture size interrupts, this may be 
desirable depending on the application requirements. 
C*13.3 Register Values for sir Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C. 13. 3.1 Primary Values 

3U_WAD0n_MBS_WIDE = 0x1 6 
5U_WAD0R_MBS_HIGH = 0x12 

. ='J_WAODfl_COMP0_MAXHB = 0x01 
=UJvVADDrLCOMPl_MAXHB = 0x00 
3U_WADDR_COMP2_MAXHB = 0x00 
3U_WADOR_COMP0_MAXVB = 0x01 
3U_WADOR_COMPl_MA_XVB = 0x00 
SU_WADOR_COMP2_MA*VB = 0x00 

C.13.3.2 secondary Values - After Calculation 

3U_WADOR_COMP0_HBS = 0x2 C 
BU_WADOR_COMP1_HBS = 0x16 
3U_WAD0R_COMP2_HBS = 0x16 
3lLADDR_COMP0_H3S = 0x2 C 
BU_AODR_COMP1_HBS = 0x16 
3U_A0DR_COMP2.H3S = 0x16 

3U_WADDR_COMP0JHALFJMDTHJN_3LOCKS = Cx:5 
BUJ/VADDR.COMP1 JHALFJ/VIDTHJN.BLOCKS = CxC3 
BU_WADDR_COMP2_HALF_WIDTH_IN_8LOCKS = 0x03 
BU_WADDR_COMP0_lAST_MB_IN_ROW = 0x2 A 
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BU_WADDR_C0MP1_LAST_MB_IN_R0W = 0x15 
BU_WADDR_COMP2_LAST_MB_IN_ROW = 0x15 
BU.WADDR.COMP0_LAST_MB_IN_HALF.ROW = 0x14 
BU_WADDR_C0MP1_LAST_MB_!N_HALF_R0W = OxOA 
BU_WADDR_COMP2_LAST.MB_IN_HALF_ROW = OxOA 
BU.WADDR.COMP0_LAST_ROW_IN_MB = Ox2C 
BU_WADDR.COMP1_LAST_ROW_IN_MB - 0x0 
BU_WADDR_COMP2.LAST_ROW_IN_MB = 0x0 
BU_WADDR_COMP0_8LOCKS_PER.MB_ROW = 0x58 
BU.WADDR_COMP1_BLOCKS_PER_MB.ROW = 0x16 
BU_WADDR_COMP2_BLOCKS.PER_MB_ROW = 0x16 
BU_WADDR_COMP0_LAST_MB_ROW = 0x508 
BU_WADDR_COMP1 .LAST.MB.RO W = 0x176 
BU_WADDR_COMP2_LAST_MB_ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
5 to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 
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The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
selected stages in the pipeline for control data and/or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline are 
afforded enhanced flexibility in configuration and 
processing • In accordance with the invention , the 
processing stages may be configurable in response to 
recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/or converts the tokens. 

The present invention also relates to an improved 
pipeline system having a spatial decoder system for video 
data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 
being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a FICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 
token, a P I CTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
5 receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
10 clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
p to pass an arbitrary number of bits through the buffer. 

;J1 15 The present invention also relates to a data stream 

-4 including run length code, and an inverse modeller means 

™ active upon the data stream from a token for expanding out 

-4 the run level code to a run of zero data followed by a 

^ level, whereby each token is expressed with a specified 

q 20 number of values. The invention also includes an inverse 

modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
P inverse modeller stage and the inverse discrete cosine 

transform stage, responsive to a token table for 
25 processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
3 0 the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
35 words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
5 Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
10 number. 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
15 Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 

2 0 control tokens along the pipeline. Reconfiguration 

processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
25 circuitry and processing techniques are disclosed for 
implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 

3 0 departing from the spirit and scope of the invention. 

Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



